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HOBBINIEHUE 2OPEKTUBHOCTHU PABOTHBI OCEBOI'O UHCTPYMEHTA
Meperunsik A.IlL., Borycaasckuii B.A. (xap. TM, [JonHTY, 2. /loneyk, Yxpauna)

[Ipouecc 006pabOTKK OCEBBIM MHCTPYMEHTOM MMEET PSJI 0COOCHHOCTEH, BhI3bIBAEMBIX
OoJbIIMM 3HAYeHWEM TIIyOWHBI pe3aHusi 10 CpPaBHEHUIO C O0OpabOTKOW JIe3BHMHBIM
MHCTPYMEHTOM M TOYEHHEM B YaCTHOCTH. DTO MPHUBOIUT K YJAJICHUIO OOJBIINX €IUHUYHBIX
00beMOB 00pabaTpiBaeMOro MeTalla, M KaK CIEACTBHE — K BBIICICHHUIO OOJBIIOTO
KOJIMYECTBA TEIUIa, OTBOJ KOTOPOIO U3 30HBI pE3aHMs CUIBHO 3aTPYIHEH.

Takum 00pazom, 3a7ada MOBBIMICHUS Y(P(HEKTUBHOCTH PabOThI OCEBOTO MHCTPYMEHTA
SBIISIETCSI KOMIUIEKCHOW W BKJIIOYAeT B cels pemieHue mpoOieM OTBOAA TEIUla U3 30HBI
pe3aHusl, CHIJKEHUSI YPOBHS €€ KOHLCHTPAIMH B JIETAIM M MHCTPYMEHTE, YAAJICHUS CTPYKKU
U yBEIMYEHHUS PEXKHUMOB pe3aHusi (B HEKOTOPHIX ciydasx). /laHHas 3amaya MoXeT OBITH
paspemieHa Ha TPaKTUKE IyTeM MPUMEHEHHs CHEIHMalbHBIX CMa30YHO-OXJIaXKIAIOIINX
TEXHOJIOTUYECKUX Cpel, a TakkKe HWHCTPYMEHTa CO CHELMAIbHON KOHCTPYKLUEH,
obneryaromieit mogauyy COTC B 30HY pe3aHusi, OTBOJ CTPYXKKH, €€ IPOOJICHHE U T.II.

Bce Tpum cocraBnsOmMX KOMIUIEKCHOW 3ala4d  TOBBIMEHHS A(PPEKTHBHOCTH
00paboTKM HAXOAAT CBOE OTpakeHue B OmarompusaTHoM Bo3zeiictBum COTC Ha mporecc
pe3anusi. Takoe Bo3neiicTBHE TpecTaBisieT co00ii komOuHamio oTaenbHbIX GyHKIni COTC
Ha MaTepuajl ”HCTPYMEHTA U JIeTajH, K KOTOpbIM OTHOCsTCS [1]:

- cMasblBaroulasi pyHKINS;

- nucneprupyromas QyHKIus (MexaHUuecKoe JIEHCTBUE);

- oxJaxpaaromas QyHKIus;

- CMbIBaOIIAsA (PyHKLUS;

— COOTBETCTBHE CAaHUTAPHO-3THIEMHOIOTHIECKIM HOpMaM;

— QAHTUKOPO3MOHHAs (PyHKLMS (XMMHUYECKas 3alluTa);

- (pu3uKO-XUMHUECKOE JeHCTBHE.

CwmaseiBatomast pyHkius o0bsicHseTcs cnocoOHocThio COTC (amynbcuid, Macen u
pa3IMYHBIX TBEPIBIX CMa30K) 00pa30BHIBATh HA MOBEPXHOCTAX KOHTAKTA CMA304YHYIO TUICHKY,
KOTOpasi BCJEJICTBUE BBICOKOIO MOJIEKYJSIPHOIO CpPOJACTBA K METaJUly HE BBITECHSAETCA
PEXYIIUM HWHCTPYMEHTOM H pa3o0maeT METAUTMYECKHEe MOBEPXHOCTH, MPEIOTBpaIIas
SIBJICHUSI CITUTIAHUS-CBAPUBAHMS KOHTAKTHBIX TOBEPXHOCTEH, HAXOISAIIUXCS IO/ JCUCTBHEM
BBICOKHX [ABJICHHA M KOHTAKTHBIX TEMIIEpaTyp. B pe3ynbraTe CyIIECTBEHHO CHIDKAIOTCS
CHJIBI TPEHHS MEXy COTIPUKACAIOIIUMHUCS TIOBEPXHOCTSIMHU.

Mexanmueckoe (mucrieprupyromas Qyskius, 3¢dexkr PeOunneppa) neiictue
BBIPQXAETCS B TaK HA3bIBAGMOM «PACKIMHMBAHWUW» OIEPEKAIOIMIEH TpPEUMHBI, YTO
npoucxoaut B pesynbrate npoHukHoBeHHs COTC B mukporpemunsl. [Ipu stom COTC
BBITECHAET BO3/yX, CMauMBaeT MOBEPXHOCTb MOHOMOJIEKYJSIPHBIM CJIOE€M U MPOJOJIKAET
packimHuBatomee neicreue. JKuakocTs, MpoHHUKas BrIyOb 0OpabaTeiBaeMOro MaTepHaa,
YBEJIIMYHMBACT 30HY TpeApa3pyIIeHHs, KOTOpas yBEJINYHBAET CBOU Pa3Mephl U MPUBOJIUT K
o0JieryeHnio mpolecca pasJeleHus] MaTepuana, 4TO MPUBOAMT K CHIDKEHUIO TpedyeMoro
YCHJIHS TIOJJAUH.

Oxnaxnaromas (QyHKIUS OnpeneNnseTcss TEIIONPOBOJIHOCTbIO M TEMJIOEMKOCTBIO
COTC, xortopass B mpoliecce pabOThl YAaCTUYHO HCHApSAsCh, W 00iamas CrnocOOHOCTHIO
CMauuBaTh MaTepHal HHCTPYMEHTA M 3arOTOBKH, MOTJIONIACT U OTBOJUT TEIUIO, IIOHIKAS TIPU
ATOM TEMIIEPATypy CTPY KKH, HHCTPYMEHTA, 3arOTOBKM M KOHTAKTHBIX TIOBEPXHOCTEH. [1]

CwmbliBaromas (WM TpaHCHOPTUpYIoWas) (YHKIMS OPUBOJIUT K BBIHOCY 3JIEMEHTOB
CTPYXKH W3 30HBI pe3aHus. MexaHHYecKOe CMBIBaHHE CTPYXKH CTpyed BOJBI 0COOECHHO
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HEOOXO/MMO TIpU CBEpJICHMM W 3E€HKEPOBAaHUM, TaK KaK YCWJIEHHAs CTpPys CIIOCOOCTBYeET
00JpIIEMYy OTBOY TEIUIA U CTPYIKKU U3 30HBI pE3aHHS.

AHTHKOppO3HOHHAS (YHKLMS TPOSIBIAETCS B 3aIIuTe 0oOpasyromeiics B Mporuecce
pe3anuss 00pabOTaHHOW TMOBEPXHOCTU 3arOTOBKM OT BPEIHOTO BO3JCHCTBUS aTMOC(Eph
Bo3nyxa. Onnako COTC moryt He oOecnieunBaTh JOCTATOYHONW XMMHUYECKOM 3alIUTHI 30HBI
pe3aHusi ¥ BpsJE CIIydaeB Jake BBI3BIBATH KOPPO3UI0 00pabOTaHHOI MOBEPXHOCTH JETAIU U
CaMoro UHTPYMEHTA.

Kpowme rnaBubix (yHkimii, o0ecneunBaromux npouecc pesanusi, COTC noinkHbI coo-
TBETCTBOBATh CAaHUTAPHO-3THIEMHOJIOTHIECKUM HOPMaM M HE OKa3bIBaTh BpeAa IS KHU3HU U
310poBbs padoTaromiero nepconana. Tak, Hekoropeie COTC moka3pIBarOT 0YEHb XOPOIIHE
pe3yJbTaThl, HO M3-32 CBOEW TOKCHYHOCTH HX MPHUXOJUTCS HCKIIOYATh M3 HCIOJIb30Ba-
Husi. Tak, Ha naHHBIA MOMEHT, He pekomeHaoBaHbl K nmpumeHeHno COTC, coxepskaiiue B
CBOEM COCTaBe XJIop, cepy, hocdop, a30T B HECBI3aHHOM BHJIE.

[Tomumo npouero, ucnosszoBanne COTC oka3pIBaeT BIUSHUE HA HKCILITyaTallIOOHbIE
XapaKTEPUCTHKH JeTalleid, COCOOCTBYSI YMEHBIICHHUIO TTTyOUHBI M CTEIICHU HAKJIETa, a TAaKKe
YPOBHSI OCTAaTOYHBIX HampspkeHuid. [Ipu cBepieHme 3TO BIMSAHHE HE3HAYUTEIBHO, HO TPHU
36HKEPOBAaHUH, a OCOOEHHO Pa3BEPTHIBAHWM C MaJIOW TIIyOMHOW pe3aHus Ha MOBEPXHOCTH
OTBEPCTUN UMEET MECTO JOCTATOUHO CHJIBHBIN Hakjen [2].

Ouzuko-xumuueckoe aeiictBue COTC oka3piBaeT BIUSIHUE Ha CBOMCTBA Marepuasna
noBepxHocTHOro ciosi. Tak, Hanpumep, npuMmeneHue COTC, coxepxkammx cepy U XJop,
NPUBOJNT K OOpA30BaHUIO B TOBEPXHOCTHOM CJIO€ AKTUBHBIX XHMHUYECKHX COEIWHEHUH,
BBI3BIBAIOIIMX IPH MOCIEAYIOMEM O00e3yrJiepoKUBaHHA BOJOPOIHYIO XPYNKOCTh U
WHTCHCUBHYIO BHY TPUMOJIEKYJISIPHYIO KOPpO3HIo [2].

Takum 00pa3om, B cieni(UKy CBOMX OCOOCHHOCTEH (BBICOKOU KOHIICHTpAI[MHU TeIlia
B 30HE pEe3aHusl, IUIOXOU TEIIONPOBOJIHOCTH MAaTEPUANIOB, CIOXHOCTH yAAJCHUS CTPYKKH U
HAJIMYUSl CHJIBHOTO TPEHHsI, HA KOHTAKTHBIX MOBEPXHOCTIX MHCTPYMEHTA C JIETalbi0), TPU
cBepieHur HauOosnee 3HauuMbiMH (pyHkuuamu COTC  BbICTynmaroT: cMasblBarollas,
OXJIXK/IAI0MIAst, TPAHCTIOPTHPYIOIIAst U IUCTIEPTUPYIOTAs.

Tak, cma3piBatonias (GyHKIMS MPUBOJUT K YMEHBIICHUIO TPEHUSI MEXKIy pabounMu u
BCIIOMOTATEJILHBIMU TIOBEPXHOCTSAMH HHCTPYMEHTa ¢ 00pabaThIBAEMBIMU TOBEPXHOCTSIMH.
OTO MPUBOAMUT K YMEHBIICHUIO KOJIMYECTBA BHIICIIEMOTO TeIUIa U OJaronpHusaTHO BIHMAET HA
KayecTBO IOBEPXHOCTH M Ha croiikocTh cBepia. COTC, mpumeHnsemas B 3TOM ciyuyae,
JNOJDKHA 0o0JajmaTh JTOBOJILHO  MajbIM  TMOBEPXHOCTHBIM  HATSOKEHHEM UM BBICOKAM
MOJIEKYJISIPHBIM CPOJICTBOM K 00pabaTeiBa€MOMY METAJLTY.

Oxnakmaromas pyHKIHS P CBEPJICHUN OCTAETCSI HE MEHEee BaXKHOM, TaK KaK TEIUIO
BBIJICTIICTCS. HE TOJBKO B TMapax TpeHHs (TepeHeil MOBEpXHOCTHIO CBEpiia CO CTPYKKOH H
3aJHel TIOBEPXHOCTHIO C OOpabaThiBaeMOW JeTanbio), HO W OT jAedopmanuu marepuana
3arOTOBKM M MHCTPYMEHTA, NPHU CBEPJICHUH DTOT MPOIECC 3aTPYAHEH elle U 3aMKHYTOCTBIO
o0beMa, T.e. CTpyXKa TMpeTepreBacT JOMOJHUTEIbHBIC AePOpMAaIlliU, YTO BBI3BIBACT
JIOTIOJTHUTENBbHBIA HarpeB. Beicokast Temreparypa, pa3BHBAIOMIAsICSd MPHU ITOM, MpPEBpamaet
MapTEHCHT OBICTPOPEKYIINX CTaleH B MEpeXoHbIe 00Jee MITKHE CTPYKTYPBLB Pe3yJIbTaTe
Yero pexylIiuid MHCTPYMEHT ObICTPO M3HAIIMBaeTcs. BeencTBue mioxoil TeronpoBoOIHOCTH
TpyIHOOOpaOaThIBAEMBIX MAaTEPHANOB, 3TO TEIUIO KOHIIEHTPUPYETCS B 30HE pe3aHus |
NPUBOJNT K MOBBIIICHHOMY M3HOCY MHCTPYMEHTA (YTO MPUBOIUT K 3aKJIMHUBAHHIO CBEpJIA U
BBIXOly €r0 W3 CTpPOs) U (PH3MKO-MEXaHHMYECKOMY H3MEHEHHIO MOBEPXHOCTHOTO CJIOS
obpabareiBaemMoro metaima. s sddexkruBnoro termoorBona, COTC momkna oOnamath
XOpOIIEH TEIUIONPOBOJHOCTRIO U COXPAHSATH BCE CBOM OCTAJIbHBIE CBOMCTBA IOJ JCHCTBHE
BBICOKHX TEMIEpaTyp.



NHXEHEP, Ne7,2006 111

Tpancnoptupyromas (yHKIMS TPOSBISIETCS B BBIHOCE DJIEMEHTOB CTPYXKKU TIO
CIMpaJIbHBIM KaHaBKaM W3 30HBI pe3aHusa. Ee 3HaueHHe CTONb K€ BEIHKO, KaK JBYX
NpEebIIYIINX, TAK KaK CKOTIJICHHE CTPY>KKM HEMHHYEMO MPUBOJIUT K 3aKJIMHUBAHUIO CBEPJIA U
ero nosiomke. TpancnoptupoBanue ctpyxku norokoM COTC ocyiecTBisieTcsi, Kak paBuiIo,
O] ACHCTBUEM JABJICHHS JKUAKOCTH Ha HEe, a TaK K€ CBI3bIBAaHHEM €€ 3JIEMEHTOB. Takum
obpaszom, 1t a3pdexTuBHOro BoinoaHeHus 310 ¢pynkuun COTC nomkna o01agaTh Xopomei
BSI3KOCTBIO, KOTOpasi XapakTepu3yeT ee OOBOJAKHBAIOIIME CBOWCTBA, HO B TOXE BpeMs U
JIOCTaTOYHOH JKUAKOTEKY4ECThIO, TOCTaTOYHOH A1 Toro, yToOsl COTC monana B KanWyuIsIphI
Y TIOPBI METaJIA.

Ha s¢pextuBnocth neiictBus COTC BIUAIOT HE TOMBKO UX (PU3HKO-MEXaHHUYECKUE U
TEIUIONPOBOJIIIIME CBOIMCTBAa, HO U TE€OMETPUYECKHE MapaMeTpbl CaMOI0 PEXKYLIEro
uHCcTpyMeHTa. Tak, Ha TpaHcnopTupytouee aeiictBue COTC HenocpeaCTBEHHO BIMSAET YroJl
HaKJIOHa BHUHTOBOM KaHaBKM ®, a Ha caMm crnoco0 momaun COTC - HanmumyWe KaHajJOB B
CEepIIEBHHE CBEPJIA U JOTIOJHUTEIBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB.

Poub yria HakjoHa BUHTOBOM KaHaBKH B IPOIIECCE PE3aHUS TOCTATOYHO BEJIHMKA, TAK
KaK OH BJIMSICT Ha 3HAUEHUS KPYTSIIEro MOMEHTA U yCWINS TOJauu, Ha (GOpMYy CTPYKKH U ee
OTBOJ W3 30HBI pe3aHus. Tak, AJsl MOJlydeHHs CTPYKKH B BHJIE 3aBUTKOB, JIETKO BBIXOISIINX
U3 KaHaBKU HEOOXO0JMMO 00€CneunTh JOBOJBHO OOJBIIOE 3HAYEHHE YTJa O, YTO HETaTHBHO
OTPA3UTCS HAa KECTKOCTH CBepJia M NMPUBEAET K OCIAOICHUIO PEXYIIero KIUHA y mepudepun
ceepya. C Touku 3peHust (GOpMBI U OTBOJA CTPYKKHA ONTUMAIBHBIM YTJIOM JJIsl CTAlX HAIO0
cuutath ® = 34-40° [2]. OpnHako, BeJIMYMHA yIJIa HAKJIOHA MEHSETCS B 3aBUCUMOCTH OT
oOpabaTpIBaeMOT0  MaTepuana, 4YTO  BbI3BIBAET  JOMNOJHUTENBHBIE  TPYJHOCTH B
KOHCTPYHMPOBAHHUHU CBEPII.

Wrak, noseimenne 3pQekTuBHOCTH pabOThl 0CEBOr0 MHCTPpyMEHTa OasmpyeTcs Ha
npuMmenennu cnenuanbHbix COTC, oGnajgarommx MajblM HOBEPXHOCTHBIM HATSKEHHEM U
BBICOKMM  MOJICKYJSIDHBIM ~ CPOJICTBOM K  0OpabOaThiBaeMOMYy  METaly, XOpOIIer
TETUIONPOBOJHOCTHIO U TEINIOEMKOCTBIO M CIIOCOOHOCTHIO CMAaYMBaTh MaTepHall HHCTPYMEHTA
U 3arOTOBKH, XOPOIICH BS3KOCTHIO M JOCTAaTOYHOH JKHIKOTEKYyYeCThIO, COOTBETCTBOBATH
CaHUTAPHO-3TMHEMHOJIOTUIECKIM HOpMaM, 00JIajaTh aHTUKOPO3HMOHHBIMHU CBOMCTBaMU H HE
BBI3BIBATh (DU3UKO-XUMHUYECKOTO HM3MEHEHHs IOBEPXHOCTHOTO CJIOSi MaTepuana AeTald U
MHCTpyMeHTa. B CcBO10 ouepenp, CBEpO AOKHO 00safaTh CHELUAIBbHON KOHCTPYKLMEH,
MO3BOJISIONIEH C JIETKOCTBIO BBIBOJHTH CTPYXKKY M MPH ATOM JOCTATOYHOW YKECTKOCTBIO U
MPOYHOCTHIO. DTO MOXKHO JOCTHYH ITyTeM BapbHPOBAHMS 3HAYCHUEM YTJIa HAKJIIOHA BUHTOBOM
KaHaBKH (ONTUMAJIbHBIM Ul CTAIM MOKHO CUUTaTh ® = 34-40°).

Opnako, naHHas KOMIUIEKCHAas 3ajaya HE MOXET ObITh pellleHa s BCexX
WHCTPYMEHTAJBHBIX W KOHCTPYKIMOHHBIX MAaTEpHAIOB, YTO TPHUBOIUT K HEOOXOIMMOCTH
CO3/]aHMs CIIELHAJILHOTO MPOrPaMMHO-MaTeMAaTUIECKOTO KOMITJIEKca.

Cnucoxk gurtepartypni: 1. Ilomypaee B.H. Pesanue TpymaHooOpabaThiBaeMbIX
MaTtepuanoB. M., «Beicul. mkonay, 1974. — 587c. 2. OOGpaboTka pe3aHHEM >KapOIPOUYHBIX
CTaJiel, CIIaBoB U TyromiaBkux metauioB. A.M. lanuensas, I[1.U1. bo6puk, S.JI. I'ypreBuu,
N.C. Eropos /Ilox. pen. I'ypeeBuua S.JI. M. «Mammunoctpoenuey, 1965. — 308c¢.
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HAIPYKEHU CTAH OJUHUYHOT O AJIMA3HOI'O 3EPHA TIPH
AJIMA3ZHOMY HIVII®YBAHHI CTAJII P6M5®3

IIpoxoposa E.B., Matioxa ILI'. (xagp. MC, JonHTY,m. [loneywk, Yrpaina)

BuznaueHHs1 Hampy>KEHOTO CTaHy ajJMa3HOIO 3€pHa J03BOJISIE€ BU3HAUUTH PEXKHUMHU, L0
BUKJTIOYAIOTh HOTO pyiHyBaHHA. Y OUIBIIOCTI BUNAIKIB BUSHAYEHHS ONTUMAJIBHUX PEKHMIB
nuTiyBaHHS 3IIHCHIOETHCS €KCIIEPUMEHTANBHO [1,2,3], 110 BUMarae BEIMKUX BUTPAT Yacy Ha
NPOBEACHHS EKCIIEPUMEHTIB Ta XHIO 00poOKy. ChoroaHi HaOyBae BUKOPUCTAHHS KOMIT'IOTE-
pHE MaTeMaTUYHE MOACIIOBAHHS, HAIPUKIIAM, TP JOCIIKEHHI CUCTEMH ,,HAATBEPANNA MaTe-
pian — 3epHO — 3B'si3Ka” [4], 1 € MEPCIIEKTUBHUM METOJOM HAMpPy>KEHOTO CTaHy ajIMa3HOTO 3€-
pHa.

MeTtor poboTu € crpoda BU3HAYCHHS HANPYKEHOTO CTaHy OJWHHUYHOTO aIMa3HOTO
3epHa 3 BUKopucTtanHsaM nporpamMu ANSYS.

VY SKOCTI BUXITHUX AaHUX JUIA PIICHHS 3a/1a4l BUKOPHCTAEMO XapaKTEPUCTUKY IILTi-
¢dyBambHOTO KpyTra, sfika BKIIIOYAE THI ajMa3y, BIACTUBOCTI MaTepiajy 3B'I3KU il alMa3zHOTO
3epHa, a TAKOXK PEKUMU 00poOIIOBaHHA. Y SKOCTI AOCTIIKYBAaHOTO HUTI(PYBAaIBHOTO Kpyra
OyB B3THI anMa3HHi NUTipyBambHMKA Kpyr Ha MertajeBii 3B's3mi 1Al 250x16x5%x76
AC6 100/80-4-M 1. O6po6:roBanuii MaTepiall — MIBUAKOpi3aabHa BaHaIieBa cTaib POMSD3.
MeraneBa 3B'a3ka ILTiPYBaTIBLHOTO Kpyra € CIUIaBOM ABOX MmarepiaiiB mimi (77%) 1 onosa
(23%).

Sk mokaszye aHaji3 JiTepaTypHHUX JIKepell, y 3arajlbHOMY BHII GOpPMY 3€pHA MOXK-
Ha PO3TJLJaTH SK pealizalilo BUMAAKOBOI GyHKIIII, IO ABJIsI€ COO0I0 CYKYIHICTh CHHY -
coim pi3HUX YacTOT 3 BUNAAKOBUMH aMIuTiTynamu i ¢pazamu. Pasom 3 TuMm, nmpu Teope-
THYHHUX pO3paxyHKax, CKJIaJlHa reoMeTpudHa (opMa pealbHUX alIMa3HHUX 3€pEH 3aMiHs-
€THCSI CIPOUICHUM T€OMETPUYHUM TIIOM: KyJIel0, MPSIMOKYTHUM Mapajelnenine oM ado
nuiaiHapoM. B Hamomy Bunanaky ¢Gopmy aaMmMa3HOTO 3epHa 3aMiHUMO CYLUIBHOIO KyJIEO
[5] paniycom 66 MKM 3 IIOMAJKOK KOHTAKTy Ta BHAUIUMO 00'eM 3B'I3KH HAaBKOJIO HHOTO
po3mipoM 340x340x200 MKM.

VYci HeoOXiqHi JaHi I pillleHHs TOCTABIICHOT 3a/1a41 MpuBeieH1 B Tadbmuisix 1 1 2.

Tabmmns 1.BracTuBocTi marepianiB

Marepian Monys ipykHOcTi E, Ila Koedoimient [Tyaccona
Anvas 8.2-10" 0,1
3B'13Ka 110" 0,24

Tabmuusg 2. Cuim pi3aHHs HAa OJJUHUYHOMY 3€pHI, sIKI BUHUKAIOTh IIPU 00pOoOJIeHHI cTai
P6M5®3 kpyrom 3a3Hau€HOI XapaKTEPUCTHUKH [5]
1.BrnmuB vacy mumipyBaHHS Ha CKIIAJ0BI CUIIM pPi3aHHS
(Vi=35m/c, Vo=6m/mun, t=0,015mm )
Cwmu pizanns, H

Yac mnigyBaHHs 7,

X6 P, P,
1 2 3

15 3.3 0,9
30 2,95 1,2
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45 2,7 1,0
1 2 3

2.BrnnuB rnuOuHM nutiyBaHHS Ha CKJIAJ0BI CUIIM pi3aHHS
(Vi=35m/c, Vy=6Mm/mun, 7=30 x8)

I'mubuna nutidy- Cumu pizanns, H
BAHHS [, X6 P, P:
0,01 2,9 1,0
0,015 2,9 1,2
0,02 2,93 1,26
0,025 3,0 1,27

3.BruB mBUAKOCTI 00p00OIIOBANBHOT 1€Tall HAa CKJIAJI0OB1 CUJIN pi3aHHS
(V=35m/c, t=0,015mm, T=30 X8 )

Cumm pizanns, H
IIBuakicTe merani
Vs, m/xe,
P, P,
6 2,91 1,2
9 3,2 1,38
12 3,52 1,54

Cxewma il cuit pi3aHHSl Ha ajMasHe 3epHO HaBezeHa Ha puc. 1. Cuna P, cipsMoBaHa B
HalpsIMKY HOPOTHJIEKHOMY IIBUIKOCTI pizaHHA V, P, — NepneHIUKyJISIpPHO IUIOIIUHI 3B'A3KH.
Touka nepetuny ckiagoBux P, 1 P, 3HaX0JUThCS HEHTPI MJIOCKOI KOHTAKTHOI IUIOINAIKH, K
po3TamroBaHa Ha MOJEI 3epHa.

~—V

Fz

Puc. 1. Cxema nii cwi pizaHHs Ha 3epHO NUTIPYBATLHOTO Kpyra

ANTOpUTM pIlIeHHS 3372491 3BOJAUTHCS 10 HACTYITHUX OCHOBHHUX €TAITiB:
1) BU3HAYEHHS THUITYy aHATI3Yy i CHCTEMHU BUMIPIOBAaHHS;
2) BHOIp TUITYy €JIEMEHTa;
3) mnoOypaoBa Mojeri,
4) po30MBKa MO Ha KIHICB1 €JICMEHTH;
5) BU3HAYCHHS YMOB 3aKPIIUICHHS;
6) 3amaBaHHS YMOB HaBaHTA)KCHHS;
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7) BHU3HAYEHHS BJIACTUBOCTEH BHpIIIyBaya i HOTO IyCK;
8) 00poOka i aHaJi3 OTPUMAHUX JaHUX.

UwcenpHHI aHAII3 METOJOM KIHIIEBUX EJIEMEHTIB € METOJIOM HAOIMKEHOTO PIillICHHS
3amayi. B Oro OCHOBI JICKUTh MPUHITUN PO3OUBKH CYLUILHOTO OE3MEPEPBHOTO CEPEAOBHINA
Ha KIHLEBI €JIEMEHTH, XapakTep B3aeMoii sikux Bimomuid. Kpurepiem onTumizamii nmpu pi-
IICHH1 3312491 € MIHIMYM MOTEHIIIHOT eHeprii Tina.

Monenb 3epHa B 3B'A3111 MICIs PO30MBKY Ha KIHLIEBI €JIEMEHTH 1 3aKpIIICHHS HaBeze-
Ha Ha puc. 2.

Puc. 2. Mopens 3epHa B 3B's3111 ITiCJIsl PO30MBKY HA KIHIIEB1 €JIEMEHTH 1 3aKPITUICHHS

3arabHUIA BT HANPYKEHOTO CTaHy 3 IUIOIIAIAKOIO 3HOCY Ha 3€pHI HAaBEJACHWU Ha
puc. 3, a po3paxyHKH MaKCHMaJIbHUX HANpYXEHb B 3AJICKHOCTI BiJl pEXXUMIB pi3aHHI — Ha
puc. 4.

L Z41E+10 LAB1E+LO . 10
. 361E+10 . 601E+10 2E+10 L11IE+11

Puc. 3. Hanpy>xenuii ctan Moiesi 3 IJIOL[aIKOI0 3HOCY Ha 3epHi (301/IbIIeHE)
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Sk BUZIHO 13 pUCYHKa 3, HAaliMEHIII1 HAIIPYXeHHS] BUHUKAIOTh HA TUIOLIA/IIi 3HOCY B LICH-
Tpi, TOMY III0 «HOBE» alIMa3He 3€pHO NPH JAaHUX 3yCHUIAX pi3aHHSI MUTTEBO PYHHY€ETHCS Ha
BEPILUHI KyJIi 1 THM CaMHMM YTBOPIOE IUIOMIAJKY 3 0OpOOIIOBAHUM MaTepiaioM, siKa MOTIM
30umbIy€eThes. Lle BinOyBa€eThCs 1OTH, TOKU HANPY KEHHSI, 10 BAHUKAIOTh Y 3€PHI, HE CTa-
HYTb MEHIIIE TIPUITY CTUMHUX.
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Puc. 4. T'padixu BrnnmBy yacy uutidpyBanHs (a), rauOunu nutigpyBanHs (0), BUAKOCTI 00p0o0-
JFOBaHO] JieTall (B) Ha HaIPY>KEHUI CTaH MOJIENI 3epHa 3 MJIOLIAJAKOI0 3HOCY
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Amnanizytoun naHi rpadikiB MOKHa 3pOOUTH BUCHOBOK IPO T€, IO 31 30UIBIIEHHIM Yacy
nuTipyBaHHs HANpY>KEHHS HAa OJMHUYHOMY 3€pHI 3MEHIIYIOTHCS, aJleé CyMapHe Halpy KeHHS
Ha Kpy31 pocTe, TOMY IO 30UTBINYETHCS BETMYMHA IDIONIAIOK KOHTAKTY Ha 3aJHIl MOBEpPXHIi
3epHa, a TAKOX KUTBKOCTI OJJHOYACHO KOHTAKTYIOUMX 3€PEH, YHACIHIIOK 3MEHIICHHS 3 4acoM
PI3HOBHUCOTHOTO IIOJIOKEHHS 3€PEH.

31 30UIbIICHHAM ITIMOUHYU NUTIQYBAaHHS ¢y 1 MIBUAKOCTI AeTani Vy BinOyBaeTbes 30UIb-
[ICHHS HANPYXEHHs, TOMY 110 30UIBIIYIOTHCS CKJIQJOBI CHJIM Pi3aHHA, PiCT IKUX 00yMOBIIe-
HU y TIEpUIOMY BHIIQJIKY 30UIbIIEHHSIM YUCIIa OJJHOYACHO KOHTAKTYIOYHX 3€PEH 1 MaKcUMa-
JBHOT BUCOTH HEPIBHOCTEH Ha MOBEPXHI pi3aHHS, IO CIIPHUSIOTH 30UIBIICHHIO (haKTHYHOT TO-
BIIMHU OJUHAYHOTO 3pi3y, Y APYyTroMy — 30UTBIICHHIO BCIX MapaMeTpiB MOMEPEYHOT0 Nepepizy
OJIMHUYHOTO 3pi3y 1 KiJIBKOCTI OJJHOYaCHO KOHTAKTYIOUUX 3€PEH.

BucnoBok: Otpumana inpopmariis Oyie BAKOpUCTaHa B TIOJANIBIIIOMY NPH BU3HAUCHHI
00OMEXYIOUHX PEKUMIB 0OPOOJICHHS 3 BUKOPUCTAHHIM JIOYCTHMUX HOPMAaJIbHUX Hampy KeHb
B 3€pHI.

Cnucoxk Jgiteparypu: 1. V3ynusa M.J. IloBeimenue 3¢p¢GEKTHBHOCTH aJIMa3HOTO
nUMQOBaHUS ~ TBEPIBIX  CIUIABOB  IyTeM  MPOTHO3HPOBAHHMS W CTaOWMIM3aIuH
pabotocmniocobHOCTH KpyroB: ABToped. amc.... JOKT. TexH. Hayk: 05.03.01/ MoccTankuH. —
M., 1989. — 40c. 2. OcuoBbl anmaznoro muudosaaus/ M.@. Cemko, AWM. I'pabuenko, A.D.
Pa6 u ap.— K.: Texnika, 1978. — 192c. 3. AOpasuBHas u anMma3Has 00pabOTKa MaTepHaIOB.
Crnpasounuk/ ITon pen. A.H. PesnukoBa. — M.: Mammnoctpoenue, 1977. — 1977. 391c. 4.
®enoposnu B.A. Pa3paboTka HaydHBIX OCHOB W CIHOCOOOB TPAKTHIECKOUN peam3aiuu
YOpaBJICHUS] TMPHUCIIOCAOIMBAEMOCTRIO TPHU  alMa3HOM  IIIHM(OBAHWU  CBEPXTBEPABIX
MatepuanoB: Aproped. awmc....JokT. TexH. Hayk 05/03/01/ HTY «XapbKOBCKHIA
MOJINTEXHUYECKU UHCTUTYT». — XapbkoB, 2002. — 36¢. 5. Martoxa I1.I'. HayuHbsie oCHOBBI
CTaOMIIM3AINK BBIXO/IHBIX TOKA3aTesel alMa3Horo NH(OBaHMS C TOMOIIBIO YTIPABISIOLINX
BO3/ICiicTBUIT Ha pPabodYyr0 MOBEPXHOCTh Kpyra. ABTOped. IuC.... JAOKT. TEXH. HayK —
XappkoB, 1996, — 48c.

HCCJIEJOBAHME YCTOMYNUBOCTH 3EPHA AJIMA3HOI'O
MUITH®OBAJBHOI'O KPYT'A HA METAJIVIMYECKOWM CBSI3KE

CageaneB B.B., I'yceB B.B. (xapp. MCmanku, JonHTY, 2. /loneyx, Yxpauna)

[IImidoBanne obecnieunBaeT IMOJyYCHHE BBICOKOH YHCTOTHI  0OpabOTaHHOM
MOBEPXHOCTH U BBICOKON TOUHOCTH Pa3MEpOB JieTaleH.

B mpomecce mumdoBaHMS U3MEHSETCS COCTOSIHHME pabodell  MOBEPXHOCTH
numgpoBanpHoro kpyra (PIIK). M3meHnsaroTcs ee reoMeTrpuyeckue MmapaMmeTphl, ¢Gopma,
pasMephl PeXYIINX 3€PEeH, YTO MPUBOIUT K MOTepe NUTH(OBATEHBIM KPYTOM CBOEH pexyIiei
CHOCOOHOCTHU M yXY/ILUIEHHIO KauyecTBa 00padaThiBaeMO MOBEPXHOCTH.

Jns vckiodeHus BIMSHUS U3HOCAa pabodell MOBEPXHOCTH Kpyra Ha KauyecTBO U
NPOU3BOAUTENBHOCTh HUIM(OBAHUS MEPUOAUYECKH MWJIM BO BpeMmMs 00paboOTKH
MPOU3BOAAT NPaBKy HUIN(OBAIBHBIX KPYTOB.

Cpenu paszauusbix cnoco0oB ympasieHuss PIIK anmasHpix mimn@oBalibHBIX
KpPYTOB Ha METAJUIMYECKON CBSA3KE MOXXHO BBIJICJIUThH JIBA METOJA: 3JIEKTPOIPO3UOHHBIN
METOJ M METOJ MpaBKU CBOOOJHBIM a0pa3zuBOM. DJIEKTPOIPO3UOHHBIN CIIOCOO NMpaBKHU
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JOCTaTOYHO XOPOUIO M3y4Y€H M PAacIpOCTPaHEH, B TO BpeMs Kak IpaBKa CBOOOJHBIM
abpa3uBOM €11 HE 10CTaTOYHO MCCIIEI0BAHA.

[Ipy »7EKTPOIPO3MOHHOM METOJE TMpaBKU HUIM(POBAIBHBIX KPYTOB Ha
METAJUIMYECKOM CBs3Ke TexHojorundeckoe Bosxaerctsue Ha PIIK okaseiBaerca ¢
MOMOIIBI0 TEXHOJOTHUECKOW IHEPTUU, KOTOPasi, BO3ACHCTBYS Ha NUIN(OBAIBHBIN KPYT,
BBIIUIABJSIET CBSI3KY M INPU 3TOM OCIalJgeTCss CHOCOOHOCTH CBSI3KM YJIEp>KHUBATh
HauboJiee BBICTyHaroniMe 3arynuBiuuecs 3epHa. BosneiictBue na  PIIK pganubiMu
METOlaMH BO3MOJKHO J1ake BO BpeMsi 00pabOTKU pa3IuuHBIX MaTepHajoB.

Meton mnpaBku CcBOOOJHBIM a0pa3sMBOM  3aKJIIOYAETCSI B MEXAHUYECKOM
BO3JICHCTBUM Ha CB3KY HUIM(OBaIbHOTO Kpyra. [IpaBka oCyHIeCTBISETCS C MOMOUIBIO
4acTHI] CBOOOAHOTO abpa3uBa, MO1aBaeMOro B 30HY NMPAaBKU B COCTaBE CYCIIEH3UH Yepe3
otBepctue B nputupe [1]. [Ipu Bpamennn numdpoBaIbHOTO Kpyra 3epHa CBOOOTHOTO
a0pa3uBa MONAJalOT B 3a30p MEXIY IOBEPXHOCTBIO Kpyra M MpPUTHPA, KOTOPHIE
[EpEKATHIBASICH 110 MOBEPXHOCTU Kpyra, YAAJIAIOT 3aTyNUBLIMECS 3€pHA U CBA3KY. llpu
TOM 3a aJIMa3HBIM 3€pHOM 00pa3ylOTCA «IOAMOPKU» U3 CBA3KH. [[pOU3BOAUTEIHLHOCTD
BOCCTAHOBJICHUSI PEXYIIEeH CIMOCOOHOCTH NaHHBIM METOJOM Kpyra OuYeHb BBICOKAs B
OTJIMYHE OT DJIEKTPOIPO3UOHHOTO METOJA.

L]env uccneoosanus 3axnouaemcs 6 YCMaHOGIeHUU IUAHUL MEmo0a NPasKu Ha yc-
MOUYUBOCMb 3epel NPpu armaznom uiaugosanuu. Opanuiuearowum Gakmopom npu anaiuse
NPOYHOCMU 3aKpenienus alMAa3Ho20 3epHa AGNAIOMCA QUIUKO-MeXaHudyecKue ceolicmea ma-
mepuana ceasku (0,=290 Mlla).

Hamu npownsBoawiics cpaBHUTEIbHBIN aHAJIN3 YCTOWYMBOCTH MOJIEIIEN 3€pHA B CBA3KE:
JUTs UM ()OBAJIBHOTO KpyTa MOCie MPaBKU JIEKTPOIPO3NOHHBIM METOJIOM M UM (OBATBHOTO
Kpyra TocJe npaBKu cBOOOTHBIM abpa3uBoM. OTIMYUTEIHHONH 0COOCHHOCTBIO ITHX MOJIENEH
ABJIAETCA HAJMUYME y BTOPOU KaHABKU B CBSA3KE MEPE 3€pPHOM U «IIOANOPKKW» 3a HUM, YTO SIB-
JSIeTCsl CIEACTBHEM IEPEKaThIBAHUS 3€PEH CBOOOTHOrO abpas3mBa Mo paboyeil MOBEPXHOCTH
HNUTM(QOBAIBHOTO Kpyra BO BpeMs PaBKH.

Jns ananmza ObUT B3AT aqMa3HBIN NUIM(GOBAIBHBIA KPYT Ha METAJUIMYECKOW CBS3KE
141 200x63x75 AC32 100/80 M2-01. CBsi3ka nUM(pOBAILHOTO KPYyTa SBIISICTCS CIUIABOM JIBYX
MarepuanoB menu (77%) u onosa (23%) [2].

MopenupoBanue mpouecca BO3IACHCTBUSA CWJI pe3aHUs Ha alMa3HOe 3€pHO
npomsBoauiaock B cpeae ANSYS, B koTopoit ObUIM TOCTPOEHBI JBE MOJCIM 3€pHA,
OTIIMYAIONIMECS MEXAY co00i (opMOH CBS3KHM, OrpaHMYMBAIONIeH 3epHO. Hamu mpuHATO,
YTO pa3Mepbl aJMa3HOTO 3€pHAa COOTBETCTBYIOT BBIOPAHHON 3€PHHUCTOCTH HCCIIEAYEMOIO
nuQoBaibHOTO Kpyra v paBHbl 100x60 MxM. JlnameTp niomaaku n3Hoca AJis ABYyX MOJENel
paBeH 10 mxMm. Bpuier BepiuMHBI 3epHa U3 CBSI3KM PaBEH IOJIOBUHE €ro JJIUHBI - 50 MKM.
Pa3OuBka Mozenell mMpoW3BOAWIACh HA HAUMEHBUIMI pa3Mep KOHEUHBIX 3JIEMEHTOB JJId
obecriedeHuss OOJIbILIE TOYHOCTH pPAacyEeTOB. YCIOBHO 3€PHO 3aKpEIUIEHO B CBS3KE BIOJb
HanOoubed ocu (puc.l). 3epHO MMeeT MWIMHAPUYECKYI0 (OpMYy C JIBYMS KOHHYECKHUMH
ydJacTKaMH Ha KOHIaX. BbICTymamoomuii KOHyC aJMa3HOTO 3€pHa MMEET YCEUeHHYyI (opmy.
Bce BrplmenepeyuciieHHbIE TapaMeTphl  MOJENN NUIMQOBAIHHOTO Kpyra NPUHIATH C
HEKOTOPBIMHU JIOMYIIEHUSIMU U yHPOIIEHUSIMH, T.K. B PEAJIbHOCTHU 3€pHA MHIIM(OBATIBLHOIO
KpyTa pacrojiaratoTcsi XaoTHYECKH, UMEIOT pa3Hyto (popMy U OTIMYAIOTCSA MO pa3Mepam.
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@ &

Puc. 1. Mogens anMa3HOro 3epHa B CBsI3Ke NIIH(OBATEHOTO KpyTa
a — TIOCJIe TIPABKH JIEKTPOIPO3UOHHBIM METOI0M
0 — moce mpaBKK CBOOOIHBIM a0pa3HuBOM

Sbp

Puc. 2. Cxema nelCTBUS CHII pe3aHHs HA SAMHUYHOE 3ePHO NIIH(OBATEHOTO KpyTa

Pesynprupytomas cuna pe3anus, ISMCTBYOIIas Ha 3epHO (puc.2), pa3jioKeHa Ha JIBe
COCTAaBIIIOIINE: TAHTCHIMAILHYIO - PT W HOPMAIBHYIO - Pn . UncIieHHBIC 3HAYCHUS CHIT T10-
J00paHbl TAKUMH, YTOOBI HAMIPSKEHHS B CBS3KE IOCTUTAIN MPeEelia TEKy9IeCTH, a COOTHOIIIC-

P
HUE MEX]Iy CHUJIaMH JISKUT B nipeaenax Ka = P_T =0.15...04 [2].
n

CornacHo NMpUBEIEHHON cXeMe EeHCTBHS CHII PE3aHUs HAa 3epHO PACcCUMTaHBl HArps-
JKEHHUSI B CBSI3KE, BO3HUKAIOIINE B YCIOBHAX PE3aHUs MPHU NUMGPOBAHUU JJIST ABYX MOJIEIEH.
XapakTep pacnpesieneHusl Halps>KeHHOTO COCTOSTHMS Ha 3€pHE M CBSI3KE AUl paccMaTpuBae-
MBIX CXEM 3aKpeIuieHHs MpeacTaBieHbl Ha puc.3 u puc. 4.
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Puc. 3. Pactipenenenue HanpspbkeHUH B cBsi3Ke numdoBanbHOro kpyra npu Pt =0.15,

H; Pn=0.05H; a— nocne npaBku 3JIEKTPOIPO3ZUOHHBIM METOJIOM;
0 — mocie mpaBKK CBOOOIHBIM a0pa3HBOM

W3 npuBeeHHBIX PUCYHKOB BUIHO, YTO 3€PHO II0J JEHCTBHEM TAHIC€HLIMAIBHOM CO-
CTaBJIAIOLIEH CUJIbI pe3aHMs [IPOBOPAUYMBAETCS HA HEKOTOPBIM yroJl, a OT AEUCTBUS HOpMaJlb-
HOM cuiibl yrayOssieTcst B cBsi3Ky. CymMmapHoe cMellleHre BepluuHbl 3epHa npu Pr =0.15, H;
Pn =0.05H cocrasisier 0.89 MkM. 111 MOJe/M TH(GOBAIBHOTO KpyTa MOCJE TPABKHU AJICK-
TPOSPO3UOHHBIM MeTooM H (.75 MKM. JUIS MOJIENU TOocie MPaBKU CBOOOIHBIM aOpa3uBOM,
YTO CBUAETENBCTBYET O 0OJiee YCTOWYMBOM 3aKpEIUICHHMH 3€pHA B CBS3KE NUIM(POBAIHHOTO
KpyTra Iociie MpaBKK CBOOOIHBIM a0pa3HBOM.

MakcumalibHbIE HANpS)KEHUS B CBSI3KE, KAK y MEPBOM, TaK U 'y BTOPOW MOJIEIN BO3HHU-
KaloT y KPOMOK aJIMa3HOTO 3epHa. XapaKTep paclpeneieHus HanpsoKeHHH B 00beMe CBS3KH
OJIMHAKOB I 00euX MojeNel, OTIIMYUE COCTOUT TOJIbKO B UMCIICHHBIX 3HAUCHUSIX.

PesynbTaThl MOEMpPOBAHUS HANPSKEHHO-1€()OPMHPOBAHHOTO COCTOSIHHS B CBSI3KE
JUTSL TBYX MOl mum(OBaATLHOTO KpyTa MPUBEICHBI HA PUC. 4.
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Puc. 4. I'paduk pocta MaKCUMaNTBHBIX HATIPSIKCHUH B CBSI3KE 11O JICUCTBUEM CHIT
pe3anus: | - mocie npaBKU JIEKTPOIPO3UOHHBIM METOJIOM
2 - mocye MpaBKU CBOOOIHBIM a0pa3uBOM

Cubl, IEUCTBYIOIIME HA ajMa3HOE 3epHO NUIM(OBATBHOTO KpyTa Mocje MPaBKU CBO-
001HBIM a0pa3uBOM TMEepepacIPeCIIIOTCS M0 OOJIBIICH MOBEPXHOCTH KOHTAKTA 3€pHA U CBS3-
KU 32 CYET HAJIMYHS 33 3€PHOM IIOIITOPKI.

W3 npuBeieHHBIX JaHHBIX BHUHO, YTO ajMa3HbIC 3epHA NUIM(OBAIBHOTO KpyTa Mocie
NpaBKH CBOOOTHBIM a0pa3uBOM UMEIOT OOJIBIIYIO YCTOWYMBOCTb, T.K. MAKCUMAJIbHbIE HATIPSI-
JKEHUSI B CBSI3KE JIOCTUTAlOT Tpenesia TeKydecTu mpu Harpyske Ha 3epHo Pcym =0.029H
(Ka=0.15) mns mmdoBambHOTO Kpyra IMOCHE MPaBKUA AJICKTPOIPO3HOHHBIM METOJIOM U
Pcym =0.046 H (Ka=0.15) mocie npaBku cBOOOJHBIM abpa3wBoOM. 3amac MpOYHOCTH Y BTO-
PO MOJENIM COTJIaCHO TMOJYYEHHBIM JIaHHBIM cocTaBisieT 35-40%, yeM MOXHO BOCIHOJb30-
BaThCS NMPH UHTEHCU(DUKAIIMN PEKUMOB 00paOOTKH HNITH()OBAHHEM.

[Ipu 3aTymieHnn pexxymux 3epeH Ha pabodel MOBEPXHOCTH NUIM(OBAIBHOTO KpyTa
COOTHOIIIEHUE OCEBOM M TAHICHUMAJIBHOW COCTABIIOIIECH CWIbI pe3aHus, NEUCTBYIOLIEH Ha
3epHO, MeHsieTcs. Kak n3BecTHO k03 duipieHT abpasuBHOTO pe3aHMsT M3MEHSETCS B Ipeienax
oT 0.15 10 0.4 [2]. PocT HOpMasbHOM COCTaBIIAIOIIECH CUJIBI PE3aHUS CBSI3aH C YBEJIMYEHMEM
TUTOTIAIKA U3HOCA Ha allMa3HOM 3epHe. Takum oOpa3om, 3HadueHne Ka =0.15 cooTBeTCTBY-
eT NUM(POBAHHIO H3HOMIEHHBIM IUIH(OBATBHBIM KpyroM, a Ka = 0.4 oTHOcuTCs K numdoBa-
HHUIO HOBBIM KPYTOM WIJIM KpYTOM TOCie TpaBku. Emie ogHUM (GakTopoM, BIHUSIONIMM Ha CO-
OTHOIIIEHHE HOPMAJILHON M TaHTCHIMAILHOW COCTaBJISIOMICH CHIIBI MIPH NUIM(POBAHUU XPYTI-
KHX HEMETAJUTMYECKUX MaTepUalioB, SIBIISIOTCS CBONCTBA 0OpabaThiBaeMOTo marepuana (UH-
JIEKC XpyTnKOCTH) [2].

Jns onpeneneHus BIMSHUS yTila HAKJIOHA CUJIBI PE3aHUs HA HAIPSKEHHS B CBSI3KE HC-
clelyeM IpoLecC NECUCTBUS CHJI PE3aHUs Ha 3€pPHO IIPU OJHOM IEPEMEHHOM M OJTHOM MOCTO-
SHHOM COCTaBJIAIOIEH CHIIbI pe3aHusi. Pe3ynbraThl pacueToB NpUBEIEHbI B TabauLe 1.
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Tabmuua 1. /laHHbIE pacueTOB MaKCUMaJIbHBIX HaNpskeHU B cBa3ke npu P7 = 0.006 H

Koad. HopmanbHas Mopenne Monene
aBpaauBHoro cocTaRnsIoLLAS LWnmcpoBanbHOro Kpyra nocne LWMdpoBanbHOro kpyra
c3aHmsT bl DE3AHVS NnpaBKu 3NEKTPO3PO3NOHHBLIM | Mocre npaBku CBOOOAHBLIM

P P MEeTO0M abpasvBom
Ka Pn, H G, Ma G, Mla

0,15 0,04 210 185

0,24 0,025 170 140

0,4 0,015 132 105

[Ipu 3aTymiieHnu pexyIux 3epeH IUM(OBAIBLHOTO KPyTra, a TakKe MPH yBeTUYeHHN
MHJEKCa XPYNKOCTH oOpabaThiBaeMOro MaTepualia MPOUCXOIUT yBEIMYEHHE HOPMAaJIbHOMN
COCTABJIAIONIEH CHIBI pe3aHHs OTHOCHTENHHO TAaHTEHIMAJIBHONH. DTO MPUBOAMUT K POCTY Ha-
IIPSIKEHUM B CBSI3KE.

Jns mccnenoBaHHBIX MOJENeN 3aKperuieHHus: 3epHa, KOTOpbIe XapaKTEepHBI IS pas-
JUYHBIX ~ CIOCOOOB  TIpaBKM, HAOMIOJAETCSl OJWHAKOBBIM  XapakTep  HaNPSIKEHHO-
1e(OPMUPOBAHHOTO COCTOSTHUSI B CUCTEME «3€PHO-CBsI3Ka». OTiIHMYMe 3aKITI0UaeTCs TOJIBKO B
BCIIMYHUHEC HaHp;I)KCHI/If/'I, BO3HHUKAOMIUX IIPHU 3TOM. Kaxk BUIHO U3 NPUBCACHHBIX NAHHBIX Ha-
NpSDKEHHsT B CBS3KE NUIM(OBAILHOTO Kpyra IMocie MpaBKU CBOOOJHBIM a0pa3vMBOM MEHBIIIE,
YeM MOcyIe PAaBKU 3JIEKTPOIPO3ZUOHHBIM METOIOM NIPY HEM3MEHHOM Harpy3Kke Ha 3epHO.

BriBoabl.

B xoje wuccnenoBaHuii BEISBICHO, YTO 3€pHA MUIM(POBAILHOTO Kpyra IMOCie MPaBKU
CBOOOIHBIM a0pa3uBOM 00J1aJat0T OOJIbIIIEH YCTOMUYHUBOCTHIO, UEM MOCIE TPABKU JEKTPOIPO-
3UMOHHBIM MECTOAOM. HpI/ItII/IHOfI OTOTO ABJIACTCA HAINMYHC IIOAINOPKH» U3 CBA3KHU 3a 3CPHOM,
KOTOpas 00pa3yercsi B polecce MPaBKU U SBIISIETCS TOTIOJIHUTEIBHOW OTIOPON ISl TTOCIIe -
Hero. [ uccnenyemoit Mosienu 3epHa 3amac IpOYHOCTH €r0 3aKPeIUIeHHs B CBSI3Ke MUTU(O-
BaJIbHOT'O KpyTa MocJje NpaBKu cBOOOIHBIM abpa3uBoM cocTaisieT 35...40% 1no cpaBHEHHUIO €
MOJIEJIBI0 €r0 3aKPEIUICHHs IOCIe MPAaBKH 3JIEKTPOIPO3ZHOHHBIM MeToqoM. CleoBaTeNnbHO,
HUTM(QOBAJIBHBIN KPYT MOCJE NpaBKU CBOOOJHBIM a0pa3uBOM MMEET BO3MOXKHOCTh BOCIPHUHU-
MaTh OOJIbILIME HArpy3KH U 00J1aaeT 00blIe IPONU3BOIUTEIBHOCTHIO 32 CYET BO3ZMOXKHOCTHU
YBEIUYEHUS PEXKUMOB pPE3aHUA.

Cnucok autepatypsl: 1. bypmuctpor B.B. Cnioco6 npaBku numdoBaibHOTO UHCT-
pyMeHTa cBOOOAHBIM aOpa3uBoM. — ABTopckoe cBuaeTenbctBO CCCP Ne967784, xn. B 24
B 53/013, 1981. 2. I'yceB B.B. Cuibl pe3anust u ¢popmupoBanue ne(EKTHOTO CIOS MPH aj-
Ma3HOM HUmpoBaHUH KepaMuku // HagiliHICTh HCTPYMEHTY Ta ONTHUMI3aIlisi TEXHOJIOTTIHHUX
cucreM. 30IpHUK HayKoBHX mpalib. - Kpamatopcesk: JJJIMA. —2003. — Bun. Nel3. — ¢.70-76.

IMPOEKTUPOBAHUWE TEJECKOIIMYE CKOI'O MAYTOBOI'O YCTPOVICTBA
CanbuukoB B.B. (kageopa III1, Tyal'V, e. Tyna, Poccus)

[TpoekTrpoBaHHe MOOWILHBIX CUCTEM HAOIIOACHHUS 32 TIEPEMEIIAIONINMHUCS B BO3IyXe
o0BeEKTaMu U yHpaBJICHUA UX ABHXKXCHHUEM CBA3aHO C YYCTOM MHOXKCCTBA 3a4aCTYIO IIPOTHUBO-
peuMBBIX TPEOOBAHUM K MauTOBBIM yCTpPOMCTBaM, MpeIHAa3HAYEHHbIM JIs1 OIbEMA U YyJIep-
KaHusi paboyero obopynoBaHUs Ha TpeOyeMmoil BbICOTE. Y CTPOWCTBO C OJIHOM CTOPOHBI
JOJDKHO MMETH BO3MOKHO MHWHHUMAJIbBHBIC MaCCOBO-Fa6apI/ITHI>IC XapaKTCPpUCTUKU B TPaHC-
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MOPTHOM TOJIOKEHUH, C JPYTOi CTOPOHBI MAKCUMAJIBHYIO BBICOTY MOJIBEMa B pabodeM I0JIo-
KEHUU ¥ HEOOXOAMMYIO MPOCTPAHCTBEHHYIO KECTKOCTh IPH YCIOBHH OBICTPOTO U C MUHHU-
MaJIbHBIMH 3aTpaTaMH JIIOJICKUX PECypCOB MEPEBO/Aa U3 TPAHCIIOPTHOTO TOJIOKEHUSI B pado-
yee. [1o GOJBIIMHCTBY MapaMeTpoOB ATHM TPEOOBAaHMSAM YJOBJIETBOPSIOT TEJIECKOIUYECKUE
MauyToBbie yctpoiictBa (TMYVY). OgHuMm U3 HampaBiICHUN COBEPIICHCTBOBAHUS AITUX YCT-
POICTB sABIIAETCA IPUMEHEHUE BBICOKOIIPOUYHBIX, B TOM YHMCJIE KOMIIO3UIIMOHHBIX, MAaTEpHAJIOB
JUIsL U3TOTOBJIEHUS TEJIECKONNYECKHUX MaduT. [Ipy 3TOM CyIIeCTBEHHbBIE TPYIHOCTH BO3HUKAIOT
C pacyeTOM UX MPOYHOCTU U YCTOMUMUBOCTH - OCHOBBI ONTUMU3ALIMOHHBIX aJITOPUTMOB.

B TyasckoM rocyHuBepcuTeTe pa3paboTaH MPOrpaMMHBIA KOMIUIEKC ONTHUMHU3AIMH
apaMeTpoB TEJECKONMUYECKUX MauT. B kauectBe pacuetHoi cxembl TMYVY (puc. 1) npunsar
CTEP’KEHb C NPSIMOJIMHEMHBIMM yYacTKaMH CTYyNEHYaTO-NIEPEMEHHOIO CEYEHUS, UMEIOIINM
U3JIOMBl OCH HEHArpy>KEHHOIO COCTOSIHMS B MECTax TEJIECKOIMYECKUX COUJICHEHUH.
CrepxeHb 3arpy’keH OCEBOM, BHELEHTPEHHO NPWIOKEHHOM Harpy3kod, M NOINEPEYHOM,
pacIpeneseHHON 110 JUIMHE, Harpy3KOH.

E,
e .
0
)
7/0—1
A !
EJ,
~ =
V5
2
Y EJ,
N
N 7%
g X By
7

Puc. 1. PacuetHasd cxema 3agauu

Jna pemieHust MCHOJIB30BaH METOJ HadalbHBIX IAPAMETPOB B PEIKO HCIOJIB3YEMOMU
dopMe «IpOJOIDKEHUS] pEIICHHs», OKa3aBIICWCS BeChbMa YIOOHON MNPUMEHHUTENBHO K
MalIMHHBIM AJITOPUTMAM.

MaTtpuuHbIi QITOPUTM c1IOCO0a UMEET BUJL:

ol =l ALl AFal L B | B LG

rae |Yn| - Matpuia napamerpos HJIC B nonepeyHoM CEUEHUM CTEPIKHS;
|Fn| - MaTpHlia Nepexoja rPaHuIbl CUIOBOTO y4acTKa;
|Ln| - MaTpula CUJIOBOIO YYacTKa;

|Y0| - matpuna napamerpoB HJIC B HauanpbHOM ceYeHUU.
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[IpousBeneHre Marpull TPU HCHOJIB30BAHMM OSTOTO CHOCO0a pelIeHus 3aaa4
NPEJCTAaBISICT MCKOMYIO CBSI3b MEXKIY CWJIOBBIMU BO3ACUCTBHSMH U JeQOpMalUsiMH Ha
KOHIIaX CTEPKHS WM MEXIy HayalbHBIM CEUYEHHEM U NMPOM3BOJBHO BHIOPAHHBIM CEUECHHEM.

Matpuna |Yo| SABIISIETCSL MaTpHUIEH-cToNOIOM, oOpa3oBaHHbIM U3 4-x mapamerpoB HJIC B
Ha4aJabHOM CEUEHMH: ), - IpOrud, @, - yroia noopora, M, - MOMEHT, (), - HoNepeYHas

cuia. B 3aBUCHMOCTH OT YCJIOBUH 3aKpEIUICHUs U3 YETBIPEX apamMeTpoB ¥, @y, M, u O, B

HAyaJIbHOM CEYCHHM YacTh MapaMETPOB OKAa3bIBACTCS M3BECTHBIMH, OCTABIIUECS HAXOIATCH
U3 pCIICHUS CHUCTEMBbI anreOpanvyecKux YpaBHEHHH, 0O0pa30BaHHBIX (opMamH3anueit
TPaHUYHBIX YCIOBUI B KOHIIEBOM CEYCHUU CTEPIKHS.

Marpuua |Ln| CWJIOBOIO  ydacTKa JJOuMHOM L omnpenensiercss  BUIOM

HEMOCPEICTBEHHOTO 3arpy’kKeHus YydacTka. B 3agade mpoAoJIbHO-TIONEPEYHOTo u3ruda
MaTpuua |Ln| HMEeT BUI

1 —L (I-cos\L) %(kL—sin?»L]
0 1 —AsinAL cos AL
0 O cos AL %sin AL
0 0 —AsinAL cos AL
0 O 0 0
rae A; = 5—1’ - mapametrp xectkoctd, Yi, Y. ,EJY. EJY. - mapamerpsl, omnpeaeasieMbpie

0
BUJIOM TIOTICpEYHON Harpy3ku. llocnemHue TpencTaBisOT COOOW YaCTHBIC pPEIICHHUS
muddepeHInanbHOTO YpaBHEHHUS TPOI0JIBHO-TIONEPEYHOT0 U3THoa.

['panuniamMu cuaoBOro ydactka SIBJISIFOTCS COCpPENOTOYEHHbIE Bo3zaeiicTBus. Hannuune
Ha TpaHUIIE yYacTKOB COCPEJOTOYEHHBIX BO3AEMCTBUU (CHiIa, MOMEHT, NPHUHYAUTEIIBHBIN
nporu0, yroi noBopoTa, ONopa *KecTKasi Wik yrnpyras, apHUp U T.]1.), U3MEHEHUE CEUEHUsS U
MHTEHCUBHOCTH HArpy3Kd TpeOyeT (hopMam3aMy YCIOBUN COTPSIKEHUS JABYX y4acTKoOB. B
[ESIX COXpPaHEHUs aJlTOpPUTMa, YCIIOBHSI Tepexo/ia 3amicansbl B MaTpuaHoit hopme. s yn-
pPYTONOAATIMBOM U YIIPYTOBpAIIAIOIIEHCs ONIOPBI MATPUIIBI IEPEX0/]A TPAHULIBI YYACTKOB T0-
Jy4yeHsl B pabote [1]. AIropuT™ nocTpoeH TakuM o0pa3oM, 4To MpH 000 Harpy3ke mnops-
JIOK MaTpHIl ocTaeTcst He Ooiiee 5x5 [2].

[lockonbKy NmpUMEHEHHE T'paJUEHTHBIX METOJ0B ONTHMHU3ALMHU B paccMaTpUBAaeMOM
3aja4ye MPaKTUYECKH HEBO3MOJKHO, B KAUECTBE ONTUMHU3ALHOHHOTO aJrOPUTMa HCIIOJIb30BaH
MeTOJ1 ciyyaiiHoro noucka. Kpurepuem ontumuzanuu sSBasSeTCsS Macca MadyThl, BAPbUPYEMbIE
napaMeTpbl — JUaMETPhl MONEPEUHbIX CEUYEHUH, TOJIIMHBI CTEHOK, 3a30pbl B TEJIECKOIINYE-
CKUX couJieHeHusX. OrpaHMYeHUeM SIBJIIETCS MAKCUMAJIbHOE 3HAU€HHE TOPU30HTAIBHOTO OT-
KJIOHEHUs TaT(opMmel ¢ 06opyaoBaHueM. Ha kaxom 11are moucka omnpesensercs cyMmmap-
Hasi Macca U opmupyercs neneBas (GyHKUMsS. 3agaHue MPHUpAIICHUN HE3aBUCUMBIM Iapa-
MeTpaM JJisl Iepexo/ia OT OJHOM TOUKH MPOCTPAHCTBA MapaMeTPOB K HOBOM peain30oBaH IO

cXeMme: uf” =uf +M*m jef, rje k—WHIEKC wWara, j—HWHIEKC MapameTpa, m , — MHIUBHILY-
anbHble MacuITabbl mapamMeTpoB, M * — MaciuTab moucka, ef — IpHpalIeHue j—ro napamer-

pama k—rom mare mpu M* =1.
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Macmrab moucka sBISETCS OOLMM Ui BCEX IapaMeTpoB W aBTOMATHYECKU
BbIOMpaeTcss B Tpoliecce MNOWUCKa. B mouckoBoM 0i0ke OpraHu3oBaHO OOy4YeHHE IO
pe3yJbTataM IOCIEIHEro Iiara: eCliM CACJIaH yJA4HbId IIar, TO CYIIECTBYET HEHyJIeBas
BCPOATHOCTb TOTO, YTO CJ'IGIIYIOH_[Hﬁ Iar B TOM K€ HaIIpaBJICHUU NPHUBCICT K I[aHBHeI;’IHleMy
VIy4IICHUIO KPUTEpUsi KadecTBa. B 3ToM cinyuae oOydeHune (IO yJAa4HOW IOIBITKE)

3aKIII0YaeTcs B (PUKCAIMU MOTyYEHHOTO YIauHOTO HAPABJICHUS ef = el]ffl. OTo0 HampaBieHUE

YAEPKUBAETCA JI0 TeX IIOp, IIOKAa KpUTepHH KadecTBa yiydmaercsa. [locine nosrydenus
HEYya4HOMU NOTBITKY CHOBA IIPOU3BOIUTCS CIIyYalHBIH 1A IIOUCKA.

[IpuBEeeHHBI QJITOPUTM IO3BOJIAET OIPEACIUTh JIOKAJIBHBIA OJKCTPEMYM; UL
rJ100aIbHOTO MOKMCKAa OH HECKOJIbKO MoaupuimpoBad. Ilpu ymeHplieHun mMacmraba moucka

M* HiKe ONMPENENeHHOro 3HAYCHHS, YTO CBHACTEILCTBYET O NPHOIMKEHHH JOKATbHOTO
HKCTpEMyMa U ONPEICIIEHUH €ro C JO0CTaTOUYHON TOYHOCTBIO, MPOU3BOJIUTCS YBEIMUYEHUE
MacmTaba MOUCKa ¢ MOCIEAYIOIUM CIy4YaiHbIM mIaroM. YHCIIO MOTBITOK OTpaHUYMBAETCS
anpuopH.

Jls oNTUMH3AIMH 110 KPUTEPHIO MAaTEPHATOEMKOCTH BBeleHa (DYHKIWHS CBSI3H YCHIHNA
B CEUEHMSIX 3JIEMEHTOB OT BHELIHMX HAarpy30K M pacxoJ0M MaTepuaja Ha MajoM yudacTke. Ha
Ka)XJIOM II1are MoMcKa ompeaessieTcs pacxo u popmupyercs nenesast pyHkims. B octansHoM
UCHOJIb3YETCsS NPUBEJICHHBIE BBILIE COOTHOILIEHUs. J[OIyCTHMbIE OTKJIOHEHUS BBIXOJHOIO
3B€Ha B JTOM CiIly4ae BBOIATCS B (opMe T'paHHUYHBIX YCIOBHH. B pesynbrate paboThl
MOJANPOTPaMMBbl ONIPEEIIAETCSI MUHUMAJIbHAs Macca yCTpPOICTBA.

[IporpamMma umeeT nHTEpdEic MOIB30BATENS, PE3YIBTATHl MOTYT OBITh MPECTABIICHHI B
BUJIE TpaduKa.

BbINOJSHEHHBIA THIOTHBI  MPOEKT TEJIECKOMUYECKOr0 MadTOBOIO YCTPOWCTBA

NO3BOJIMJI CHHU3UTh Maccy Ha 16% mnpu HEKOTOPOM YBEIMYEHUH TPYHAOEMKOCTH
n3rorosiaeHus. KoMiiekc pa3paboTaH ¢ MOJIHBIM COOJIIO/IEHUEM HOPMAaTUBHBIX TPeOOBaHUM.

Cnucok autepatypsl: 1. [lonomapes K.K. Pacuer ynpyrux cucrtem MeToaoM Ipo-
nospkeHus. BectHuk MockoBckoro yHuBepcureta. Ne6, 1959. — C. 12-36. 2. CanpHukoB B.I'.
CusnoBble THIPOUWINHIPHI IPY30M0IbEMHBIX MalIMH. BbIOOp METO1a IPOYHOCTHOTO pacyera.
KoHcTpyupoBanue u 3KcIulyaTanys MoAbeMHO-TPaHCHOPTHBIX MamuH. Tyna, TyallH, 1985.
— C. 78-83.

METOJIbI MATEMATHYECKOM OBPABOTKH CUTHAJIOB
B ITUAI'HOCTHUKE OMC

Xomenko B.H., bopucenxko B.®. (/[onHTY, 2. /loneyk, Yxpauna)

B nmarHocTHKE 3IIEKTPOMEXaHMYECKHUX CHCTEM OOJbIIoe 3HaYeHHEe yiAenseTcs oOpa-
OOTKE IMOJTy9aeMbIX C JATYUKOB CHTHAJIOB. M3MEPSIOTCS CUTHAIIBI, MMEIOIIHE MEXaHUIECKYIO
npupoay (KpyTSALIMHA MOMEHT, YacTOTa BpallleHHsi, BUOpOTIapaMeTpsl — BUOPOTIEpEMEIIICHHE,
BUOPOCKOPOCTh, BUOPOYCKOPEHHE), U DIEKTPUUECKYIO (HOTpebdiiseMas MOIIHOCTh, TOK, Ha-
NpsKEHUE).

[IpuMeHeHne pazIMYHBIX METOJIOB OOpaOOTKH CHUTHAJIOB TIO3BOJSET PAaCCMOTPETH
OCOOCHHOCTH CHTHAJOB, BBIICIUTh W3 HUX OMNPEICIICHHBIC TUATHOCTHYECKHE TPU3IHAKH.
PaccmoTpruM HanboJee 9acTo BCTPEUYAIOIIHECS METOIBI.

¢  Dynxyus 63aUMHOU KOPPETAYUU:
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T
K, (1) = (x()y(t +7)) = lim %j x()y(t +7)dt (1)
0

rae  x(t),y(t) — iCXOHbIEC CUTHAJIBL;
T — nepros curHajioB (paccMaTpUBaeMblii HHTEPBAN);
T — CIIBUI MEX/y CUTHaJIaMH (J1ar).
JIns1 TUCKPETHBIX CUTHAJIOB:

1 N
K, = ﬁ;x,-yn ; ?)

raie N — KOJIM4eCcTBO MHPOPMAIIUH.
@yHKIUSA B3aUMHOM KOPPEISILIMU TIO3BOJISIET, CPEIU IIPOYETO:
- OMPENENUTh B3aMMO3aBUCUMOCTH (DYHKITHIA;
- OLICHUTH BEJIMYUHY «3aMa3[bIBaHUL» MEXKIY CUTHAJIAMH T.
¢  Dyukyusa asmoxoppenayuu
ABTOKOppETSIHs — Koppessinus QyHKIHA ¢ caMOi co00i C 3a/IepKKOM Ha BEITHMUUHY
7. [lepuoanyeckue CBOWCTBA MCXOMHOM (YHKIMH MOTYT OBITH ONIPEAENCHBI C MOMOIIBIO

KoppenorpaMmMbl. Koppenorpamma mokas3piBaeT KOd(DQHUIMEHTH aBTOKOPPEISIUN ISt
OTIPEJIEIIEHHOTO JINana30Ha J1aros.

DyHKIUSA aBTOKOPPEISILUU:
l T
K, (1) =(x(t)x(t+7)) = lim— { x(Ox(t +7)dt 3)
J171s1 AUCKPETHBIX CHTHAJIOB:
Kxxj = sziij 4)

@OyHKIMA aBTOKOPPEISILUU O3BOJISET, CPEIU IPOYETO:
- ONpENEeNUTh HAJIMYKE NEPUOINIECKUX CBONCTB CUTHAA;

- 1npu =0 oneHuTh 3Hepruto curuana K _(0)= ||x(t)||2 .

¢ Crnektp @ypoe

Crnextp @ypbe — 3T0 NPEICTaBICHUE CIIOKHOTO CUTHAJIA B BUAEC KOHEUHOU uim Oec-
KOHEYHOW cyMMBI TapMOHUK. Ha mpakTuke, npu pacuere Ha DBM, B mo60oM cirydae Makcu-
MaJIbHOE KOJIMYECTBO COCTABIISAIOIIMX ATOM CyMMBbI IPHHUMAIOT PABHBIM V.

[IpumMensieTcst nansl OIEHKM TPUCYTCTBUS B (OpME CHUTHaja TapMOHHYECKHX
COCTAaBIIIOIINX OTPEJIeNICHHBIX 4acToT. OOBIYHO TPENICTaBISIETCS B BHIE TpadukoB: Ax(wy) —
AMIUTHTYHBIA CHeKTp curHama u gi(w;) — $asoBbIi crekTp curHama, Ai*(wp) — CIEKTp
MOIIIHOCTH.

Taxum 06pa3oM, UCXOIHBIN CUTHAII MIPEICTABISETCS B BUJE:

x(0)= Y, G, (1) s
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rae  Xx(t) — UICXOJIHbBIN CUTHA,
Gk(t) — k-5 rapMOHHKA.

[Tox rapmonukoii B ciektpe @ypbe OyaeM noapazymeBarh:

G, (t)=4, -cos(z—mt +¢,)=A4, -cos(w,t+¢,) =
T, (6)

= A, -cosg, -cos(w,t)— A, -sing, -sin(w,t)

riae: @) — 4acToTa k-l rapMOHUKHY;
@k — paza k-it rapMOHHKH.
Beinenum B (6) reMeHTHI, He 3aBHCSIIUE OT ¢, 0003HAUYUM HX Kak Rey 1 Imy:
G, (t)=Re,-cos(w,t) —Im, - sin(w, )
Re, = 4, -cos(p,) (7)
Im, = 4, -sin(¢,)

ITo BenmumHam Re; u Im; MOXKHO OJTHO3HAYHO BOCCTAHOBHUTH aMIUUTYy U (azy Hc-
XOJTHOUM TapMOHUKH

Im
®, = arctg(R k) A, =+/Re;+Im; (8)

S

3anmieM o ¢opmylie Ditnepa:

X, =Re,+j-Im, =4, - (9)

¢ Ilpeobpaszosanue @ypve
[IpeoOpazoBanue Oypre CBA3BIBACT MPEACTABICHUE CUTHAJIA BO BPEMEHHOW (MU TIO
Ipyroii KoopauHaTe) 00JIaCTH € €ro MPECTaBICHHEM B YaCTOTHOU OOJIACTH.
[IpeobpazoBanue Oypbe HEMPEPHIBHOTO BO BPEMEHN KOMIUIEKCHOTO CHT'HAJA!

+00

X(@)= [x(5)-e7 -di = Fix()} (10)

—00

CymiecTByeT Takke oOpaTHOe MpeoOpa3oBaHWE, TO €CTh M3 YaCTOTHOW 00JIACTH BO
BPEMEHHYIO (WJIH 10 JPYTON KOOpIUHATE):

1 +o0 .
() == [X(@)-e"™ -do=F" {X ()} (11)
2 =,
JlocTtaTo4yHble yCIOBHA OCYILIECTBIECHUS IPEOOpa3oBaHUN —  yAOBIETBOPEHHE
bynkuei ycnoBusM upuxie:

1) abcomoTHAsE MHTETPUPYEMOCTh CUTHAJIA
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+90
[x(o)lde <
2) KOHEYHOCTb YHEPI'MU CUTHAJIA
—+00 5
[ dt <o

Crnenyromas pyHKIMS OMUCHIBACT pacrpeaeseHue SHepTiy curHana x(¢) mo yacrore,
Y Ha3bIBAETCS CIIEKTPAJIbHOM TUIOTHOCTHIO MOIITHOCTH CUTHAJIA:

2

S(w) = ;@J%X(mf = ;iig% [x(t)- e -at (12)

—0

JIns curHana ¢ KOHEYHOM BEJIMYMHOM SHEPTUU CIIPABEIJIMBO TOXKJIECTBO:

[Pr@f de = [|x()] do (13)

¢ Cnexmpanvhas niomHocms QYHKYuUU asmoKopperayul U CHeKmpaibHas nI0MHOCb
GyHKyuY 63aUMHOU KOppenayuu
@ynkips aproxoppemsiuun K _(7) M CHEKTpaybHas IUIOTHOCTh MOIIHOCTH CHIHAJa

S .. (w) cBsa3aHHBI MeXTYy co00ii IpeoOpasoBanueM Dyphe:

Kxx(z')zi ISxx(a)),e.fwT _da)

L (14)
S ()= j K ()¢’ -dr

CrnenoBaTenbHO, CHEKTpalIbHAs IUIOTHOCTH AaBTOKOPPEIANMOHHOW (YHKIMU — 3TO
CHEKTpaJibHas INIOTHOCTh MOITHOCTH CUTHAJA.

AHaNOrn4yHo, A1 (PyHKIMU B3aUMHOM KOPPENSALNN:

1 +00 '
K (1)=—18_(0)-¢' -do
? 27r'[0 : (15)
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S, (@)= [K, (x)-e7 -dr

rae S, () — B3aUMHAas CIEKTPAIbHASL IIOTHOCTH MOLIHOCTH (B3aUMHBIH CIIEKTD).

CrneoBatenbHO, CIEKTpAIbHAS IDIOTHOCTh (DYHKIIMM B3aUMHOU KOPPEISIUH — 3TO
B3aUMHBII JHEPTE€TUUECKUH CIIEKTP.
@yHKIUSA B3aUMHOTI'O CIIEKTPA MO3BOJISAET:
- OLIGHUTH paclpe/IeIeHUE M0 YaCTOTaM B3aUMO3aBUCUMOCTh CUTHAJIOB X(?), Y(t);
- OICHHUTH TEPEIATOYHYI (QYHKIMIO JIMHEHHOW MOJETN 00BEeKTa ITHAarHOCTHUPOBAHUS
NPH CITy9aHBIX BXOIHBIX BO3MYIICHUSIX

i Su @)
(Jo) =S (@) (16)
« (@)
¢ KencrpanbHblil aHaIM3
IIpuMeHeHne  KemcTpambHOIO — aHajlM3a  IO3BOJSIET  BBIACIUTH  OTIEIBHBIE
COCTaBJIAIOIINE CUTHAJIA B JIETKO YHUTaeMble MHKHU, YTO B HEKOTOPHIX CIydasx oOJyierdaer
HAXO0’KJICHUE XAPAKTEPHBIX TAPMOHUYECKHUX COCTABJIIOIIMX B IOJUTAPMOHUYECKOM CHTHAJIE.
KoMruiekcHslii kencrp:

c= iLlog[S(a))} e’dw (17)

¢ OxoHnoe npeobpaszosanue Pypve
Oxonnoe npeoOpazoBanne Oypbe MO3BOJISIET UCCIECIOBATH YACTOTHO-BPEMEHHOE (MITH

M0 JPYTOW KOOPAWHATE) NMPECTaBICHUE CUTHANA. 1O eCTh pa3OuTh CHTHAI Ha (parMeHTHI U
UCCIICIOBATh TAPMOHNYECKHUI COCTAB KaXKJOTO U3 HHX.

X(a),r)=Tx(t)~w(t—r)-e‘f‘”t -dt (18)

—00

rie  w(f) - QyHKOHA OKHa,

T - BeJIMYMHA CABUTA QYHKIMU OKHA.

Tak kak TpUMEHEHHE OKOHHON (YHKIMM BHOCHT HM3MEHEHHE B MOHOTOHHOCTD
MOJBIHTETPATbHON (PyHKIIUH, TO (B 3aBUCHMOCTH OT BBIOPAHHOTO THIIA OKHA) MOJy4Yaemoe
npeoOpazoBaHNEe OKAKETCS B TOW WIIM MHOW MEpe MCKa)XEHHBIM B CBA3U C BO3HUKHOBEHHEM
apdexra ['nOOca. BenmmunHa BHOCHMBIX HMCKa)XEHUH OIpPENENSETCs IM0: IHUPHHE TJIABHOTO
JIeTIECTKA, YPOBHIO OOKOBBIX JIEIECTKOB OTHOCUTEIBHO YPOBHSI TJIABHOTO JIETIECTKA, CKOPOCTH
CragaHus OOKOBBIX JIETIECTKOB.

PaccMoTpuM XapaKTepHCTUKH HEKOTOPHIX HaMOOJIEe YacTO HCIOJB3yEeMbIX OKOHHBIX
¢bynkmii. IlupuHa okHa npuHsATa paBHOU 64 oTcyeTa.

1) mpsimoyroisibHOE OKHO (rectangular window):



NHXEHEP, Ne7,2006 129

o ||

|
2 LT

Manaryan, [4E]

40
=

20 0 50 [ 100 120 '] 08 08 04 0 [ 02 04 08 0 1

Puc. 1. I'paduk pyHKIIUN TPSIMOYTOJIBHOTO OKHA H €€ IIEHTPUPOBAHHBIN aMIUTUTY THBIN
CIIEKTD

OTHOCHUTEIILHBI YPOBEHb OOKOBBIX JIETIECTKOB: -13,3 n1b

HIMPUHA TTOJIOCHI MPOTyCcKaHus 1o ypoBHio -3 nb: 0,0273 (xn pag/oTcuer)

[IMPUHA TTOJIOCH POy CKaHus 1o ypoBHIO -6 nb: 0,0376 (xn pag/oTcuer)
2) TpeyronbHOE OKHO (triangular window):
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Puc.2. I'padux QyHKIIMK TPEYTOIBHOTO OKHA | €€ IICHTPUPOBAHHBIN aMIUIATY AHBIN CTICKTP

OTHOCHUTEJILHBIM YPOBEHb OOKOBBIX JICTIECTKOB: -26,6 nb

[IMPUHA TTOJIOCHI MPOoTycKaHus 1o ypoHio -3 nb: 0,0391 (xn pag/oTcuer)

IIMPUHA TTOJIOCHI MPOITyCKaHus 1o ypoBHIO -6 nb: 0,0554 (xm pag/oTcuer)
3) okno XaHHa (KocuHYyc-KBajnpaT, Hann window):
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Puc. 3. I'padux pyHkuun okHa XaHHa U €€ LEHTPUPOBAHHbIN aMILJIUTY JHBIA CIIEKTP

OTHOCHUTEJIbHBI YPOBEHb OOKOBBIX JienecTKoB: -31,5 n1b

IIMPUHA MOJIOCH IpoIycKkaHus 1o ypoBHIO -3 1b: 0.0449 (xwt pan/otcuer)

IIMPUHA MTOJIO0CH MPOITyCKaHus 1o ypoBHIo -6 1b: 0,0632 (Xt pam/oTcuer)
4) oxHO X»>MMUHra (IpUHOAHATHIN KocuHyc, Hamming window):
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Puc. 4. I'padux GpyHkumm okHa XsMMUHTa U €€ [IEHTPUPOBAHHBIA aMILTUTY AHBIA CLIEKTP

OTHOCHTEJILHBIN YPOBEHb OOKOBBIX JIETIECTKOB: -42,4 nb

HIMPUHA TTOJIOCH MPOTyCcKaHus 1o ypoBHio -3 1b: 0.0410 (xn pag/oTcuer)

[IMPUHA TTOJIOCH MPOTyCKaHus 1o ypoBHIO -6 nb: 0,0572 (xn pag/oTcuer)
5) oxkHo ¢ rmaakoi BepwHO# (flat top window):
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Puc. 5. I'padux GpyHKIMN OKHA C TIIAAKON BEPIIUHON U €€ [IEHTPUPOBAHHBINA aMILUTUTY AHBIH
CIIEKTp

OTHOCHUTEJIbHBIN YPOBEHb OOKOBBIX JienecTKOB: -67,0 1b

IIMPUHA TTOJIOCHI MPOTyCcKaHus 1o ypoBHio -3 nb: 0,1172 (xn pag/oTcuer)

[IMPUHA TTOJIOCHI POy CKaHus 1o ypoBHIO -6 nb: 0,1456 (xn pag/oTcuer)
6) oxno Harroma (Nuttall window):
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Puc. 6. I'padux ¢pynkuun okHa HatTona u ee HeHTpUPOBAHHbIN aMIUTUTY JHBIA CIIEKTP

OTHOCHUTEJIbHBI YPOBEHb OOKOBBIX JIENIECTKOB: -93,8 n1b
IIMPUHA MTOJIOCH! PoITycKanus o ypoBHIo -3 ab: 0.0586 (X pan/otcuer)
IIMPHHA MTOJI0CH! POITyCKaHus 1o ypoBHIO -6 n1b: 0,0778 (xmt pan/otcuer)
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Jliss BU3yaJIbHOTO CpPaBHEHHS OCHOBHBIX XapaKTEPUCTUK MPHUBEICHHBIX OKOHHBIX
GbyHKIMIA, cBeEM UX B YBEIUYCHHOM MaciiTabe Ha oJuH TpaduK, KOTOPBIA MpE/CTaBJICH
HIKE.
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Puc. 7. I'paduku pyHKINI OKHA Puc. 8. AMIMTY IHBIE CTIEKTPHI JIS IIECTH
OKOHHBIX (DYHKITHIA

PaccMoTpuM XapakTepHBI MPUMEpP — MOCTPOCHUE Tpadrka JTUHAMUIECKOTO CIEKTpa
JUJIS1 IOJIMTAPMOHUYECKOT0 CUTHAJIa ¢ MIEPEMEHHBIM BO BPEMEHU TapMOHUYECKUI COCTAaBOM.
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Puc. 9. I'padux uccrexyemoro Puc. 10. Jluramudeckas crieKTporpamma
MOJIMTAPMOHUYIECKOTO CHTHAJIA MCCIIETyEMOTO CHTHaJIa ¢ TIEPEMEHHBIM BO BPEMEHH
TapMOHUYECKHI cOCTaBOM (00Jie CBETIIbIE TOHA
COOTBETCTBYIOT OOJIBIIICH aMITUTY A€ TAPMOHUIECKUX
COCTaBJISFOILUX )
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