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HUHCTHUTYTA umenn C. M. KHPOBA

Tom 141 1966

3JIEKTPOHHASI MOJEJIb IJISI UCCJEJLOBAHUS
BUBPAULMOHHBIX MPOLUECCOB
B MHEBMATUYECKUX MOJIOTKAX

B. ®. TOPBYHOB, B. M. PA3H1H, U. I'. CMBIIIVISIEBA, A. B. TPHXAHOB

(ITpeacraBiena ceMuHapoM (akyJbTeTa ABTOMATHKH (U BBIUHCAMTEJBHON TEXHHKH)

B npeabinymux Hamux crathax [1, 2] mo 3/7€KTPOHHOMY ‘MOAEIHPOBA-
HHUIO MPOLECCOB M30/ALNN U ralleHns BUOpAaUUU NPHUBEAEHb UCXOAHbIE IMpe-
MOCBIIKM /151 MO/JEeJHPOBaHUsI, pacyeTHas cxema U MaTeMaTH4yecKoe OINHCca-
HHe NMHEeBMAaTHYeCKOro MoJIOTKa.

Jl1s1 pelleHHs] CUCTeMbl YKas3aHHBIX B [2] nucb(bepeﬂnnaanbe ypaBHe-
HMH HAa MaTeMaTHYeCKUX MOJENHPYIOIHX YCTaHOBKAX HEOOXOAUMO (pu3Hnye-
CKHE BEeJHYHMHBl 3aMEHUTb HaMpSKEHUAMH C BBeJeHHeM COOTBETCTBYIOLIHX
MaciTabHbiX K03 duunentoB. Herpyano mokasath, 4TO YPaBHEHHS B Ma-
UIHHHBIX MEpPeMEeHHbIX, YA0OHbIe AJS COCTaBJEHHSI CTPYKTYPHOH CXeMbl MO-
nenad, OYAyT UMeTb CJAeLYIOIHi BUA:
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A], AQ, A3, A 51, 52, 53, Bl, Bz, Bg, Fl, rg, r3, H[, ,ZI3 51 T — MallluHHbIE
Koatbdmunemu 3HAYeHUs] KOTOPBIX /151 HCCJAeA0BaHHus, HApHMep, NMHeBMa-
THYECKOTO pyOu/abHO-KiAenaabHoro wmoJgotka KE-22 npusenensr B Tabua. 1.

Buok-cxema coenuHeHuss 6/10KOB npuBejeHa Ha puc. 1. Bioku Henuneii-
noctu BHI1, BA2, pewaromue 67aoku 1, 2, 3, 4, 5, 6, 7, 10, 13 u nepekiio-
yaouiee ycrpoicrso I1YV1 ucnoabsyroress ags pemeﬂnﬂ auddepeniranbHO-
IO ypaBHEHHs ABHKEHHS HHCTDYMEHTA.

BHI1 3amaer He/uHeHHYI0 3aBUCHUMOCTb H3MEHEHHSI [aBJIEHHS BO3JyXa
B nepejaHeil MoJOCTH MOJIOTKA Npu mpsaMoM Xxoxe nopiins, BH2 — npu 06-
paTHOM.
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"Breixox Toro wau mHoro G6soka BH moakiiouaercd Ha BXOJ pellaloliero-
YCHJIUTENSI B 3aBUCHMOCTH OT TOro, B KaKOM MOJIOKEHHH HAaXOMHUTCS1 MOJIsi-
pusoBaHHoe pese P3, Koropoe NOAKJIIOUEHO HA BBIXOJ pemiaolnlero 6J0Ka
Ne 16. Ha Bxoa mocsenHero mojaercss CKOpocTb OOMKa € OTPHLATEJbHBIM.
sgakoM — U g [lpu npsaMoMm Xxoje mopuiHs cpejHHH KOHTAKT pesae P3 Haxo-
AuTCs B BepxHeM noJoxenuu. Ilpu ynape Goiika 00 MHCTPYMEHT MJH O Ie-
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Puc. 1. CTpykTypHasi cXxema MOJEJH.

PENHIOI CTEHKY KOpNyca MPOMCXOJAMT M3MeHeHHe 3HaKa CKopocTH Oofika Ha
nporuBonoJoxubii. [locme sroro HauuHaercss 0OpaTHBIM XOJX Y/AapHHKA;
cpenHuiit KoHTakT P3 mnpuHuMaeTr HHXKHee MOJOXKEHHE.

~Biiok Ne 4 peasudyeT NMOJIOXKHTENbHYIO YAapHYIO CHJIY Ha MHCTPYMEHT
npH yaape nocjenHero mo o6pabatbiBaemoil cpene. B apyrux cayuasx Ha
BHIXOJle 3TOro 6JoKa OJjaromapsi orpanuueHuio Ha ypoBHe O Hanpsikenue:
pPaBHO HYJIIO.

Baok Ne 5 peanusyer OoTpHIlaTeNbHYIO YAApHYIO CHJIY HAa HHCTPYMEHT
NpH CcOyJapeHun mocjaeHero ¢ Kopmycom. Ilpu orxoje kopmyca Ot MHCTPY-
MEHTAa Ha BBIXOJe 3TOro 6JIOKa MOJIyuaerTcst MOJIOKHUTENbHOE HAaNpsiXKeHue,
KOTOpOe OrpaHuuyuBaeTCsi Ha YpPOBHe HYJ/A C IIOMOIIbIO JIHOAHOTO OrpaHu-
YT,

[TocnieynapHasi CKOPOCTh MHCTPYMEHTa INpH yAape mo Hemy: 6ofika 3a-
JaeTcsi ¢ MOMOLLbIo 6/10KOB 2 M 6, BXOASAIIKMX B MOJeab ynpyroro yaapa [3].
I1pu BhIMoJIEHHH YCJIOBHSI YKa3aHHOTO yaapa cpabaTbiBaer peie P1 nepe-

107



xatovampolero ycrpodctea IIY1. Tpofiku koutakrtoB 3toro pene 1P1, 2PI1,
'3P1, 4P1 npu 3TOM MeHSIOT MeCTaMH €MKOCTH, OJlHa U3 KOTOPbIX Oblaa MOJ-
KJIIOYeHa B LeNb OTPHIATEJNbHOH CBA3H NepBOro penaioulero 6J0Ka, Ha Bbl-
XO0/1e KOTOPOro IoJy4yaeTcss ¢ OTPULATENbHBIM 3HAKOM CKOPOCTb HHCTPYMEH-
Ta, a Jpyras —Ha BbIXOJe IIeCTOro peulawuiero 6/oka, rjie U BOCIPOH3BO-
JUTCSl MocJeyaapHasi CKOPOCTb HHCTPYMEHTA.

IIpu nepeMene MecTaMH yKa3aHHbIX €MKOCTEH HATDSIKEHHSI HA BBIXOJe
‘6JI0Ka 2 MIHOBEHHO 3aMEHSIeTCsl Ha HalpsizKeHHe, KOTOPOe YCTaHOBHUJIOCh [0
fepekJoYeHns Ha Bbixoje 6joka 6. M Tak mpoucXoauT KaxK/Jbli pa3, Korja
BBHINOJIHSAETCS YC/JI0BHEe yaapa Oofika N0 HHCTPYMEHTY.

Jlnsi onpejeneHuss 3TOro YCJA0BUS (Xg> Xy -[) ucmonb3yiotcs GJI0KH
T 1000 13,

CxeMa nns peurenuss auddepeHnansbHOro ypaBHeHHsI ABHKeHHsT OOHKa
BKiOyaeT HeqauHeilnole 640k BHI, BH2, BH3, BH4, pewaomue ycumau-
renu (. 8,9, 16,-12. 13;:17.

Baokn BH3 u BH4 BocnpousBoasAT aaBieHue BO3jyxa B 3aJHel [MoO-
JOCTH Kophyca Npu NpsMOM H o6paTHOM Xojaax Goiika COOTBETCTBEHHO. Bri-
X0Jbl 3THX OJIOKOB KOMMYTHPYIOTCSI Ha BXOJA 0/0Ka 8 C MOMOLIbIO BTOPOM
TPOHKH KOHTAakKTOB pene P3.

3ajaHnue nocjaeynapHoil CKOPOCTH AJs GOiKa NMpH yjaape MOcJeIHero mo
WHCTPYMEHTY peasiu3yercss ¢ moMoulbio 6J0KOB 8 u 12 mopo06HO TOMY, Kak
“OCYLLECTBJSJIOCh 3a/JaHue MOCJAeyAapHOil CKOPOCTH I/ HHCTPYMEHTa NpH
yaape no HeMy GoiiKa.

- Emxoctu C3 u Cy4 B 3TUX 6J0KaX MEHSIOTCS MECTAMH C IOMOILIBIO YeThl-
pex Tpoek KoHtakToB 1P2, 2P2, 3P2, 4P2 pene 2, pacnojoxeHHOro B mepe-
xaouatouiem 6aoke ITY1.

[TonoxurenbHasi yaapuas cuna aasa 6ofika (u Kopmyca) HpH yaape ero
10 CTeHKe KOopIlyca peaJjiu3dyeTcsi ¢ momouibio 6/10Ka 17, umeroliero Ha EbIXo-
Je JMojHOe orpaHuueHue Ha yposHe O.

Henunefinoie 610ku BH1, BH2, BH3, BH4, nocaennue aBa npu Hc-
cnenoBanuu moaotka KE22 He M0/IKHBI HCNOJNB30BATLCA, PelIaloliie YCHIIH-
Teqn 5, 14, 15, 17, 19 ucnonab3yioress Aaa peuleHus AuddepeHnHasbHOro
ypaBHeHHs] ABHKEHHS Kopmyca.

Buoku 14 u 19 cayxar ans 3ajaHus nocjeyaapHoid CKOpOCTH Koprmyca
TpH yAape MO HeMy MHCTPYMEHTa MoOC/e OTCKOKA MOCIEAHero OT obpabatnl-
BaeMOil MOPOIBI.

Emkocti Cs u Cs 3THX GJIOKOB MEHSIOTCS MECTAMH C NOMOLIBIO UeThI-
pex Tpoek KoHTakToB 1P4, 2P4, 3P4, 4P4 pene P4, naxoxsduemcs B nepe-
KawouawieM ycrpoiictse [1Y2.

1o ycrpoiictBo pesne P4 mepexaiodaer KaxKAblH pas, Korja Hampsxe:-
HHe Ha Bbixoje 0J10Ka 5 MmepexoaHuT uepe3 HYJb B OTPULATENbHYIO CTOPOHY,
TO €CTh TOTJa, KOrJa BBHIMOJHSAETCS YCJAOBHE yldapa Mex1y KOPIycOM U HH-
CTPYMEHTOM (X Z X ). :

“MeK1y MHCTPYMEHTOM H KOPIYCOM, KpOMe YAapoB, UMEIOT MeCTO J/IH-
TesbHble KOHTAKThl, UTO MOJEJHPYETCst ¢ TMOMolIbio 6s0Ka 17, Ha BbIXoAe
KOTOPOro MpH X < X, MOSABJISAETCA MOJOKUTeJIbHOE HANPsKeHHe, COOTBET-
CTBYIOLIEE CHJjle KOHTAKTA.

[Tpu 3apanun nocsaeyfapHbix cKopocreii GofiKa # Kopnyca BMECTO OTpH-
11aTeIbHOIl CKOPOCTH HHCTPyMeHTa TpeOyeTcsi MCMOJb30BaTh MOJOKHTETb-
HYI0 CKOpPOCTb HHCTpyMeHTa. JIjsi 3TOro HCMOJIb3YeTcs HHBEPTHPYIOLLU
yeuaurteap 18. .

Baok 11 mpennasHauen aJisi MOAAYM HA BXOA 0JI0OKOB HeJHHeHoCTel
BEJIHYHHBI — (AU5—~—U ). :
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YMHOXKeHHe Ha NOCTOAHHble KO3((HIHEHTb, 3HaueHHe KOTOPBIX Bapbi--
pyercsi B KaxKJI0M OI'bITe, OCYLIECTBJSETCS C MOMOIIbIO GJOKOB MOCTOSHHBIX
ko3 puunentoB tuna CB-4A, 0603HayeHHBIX Ha cXeMe KPYKKaMH.

HauvasibHoe yc/i0BHE X4 (0)==X gyay) 3a4aBaJOCh B CXeMe C NYJbTa.
ylnpaBJeHUss MOJE/H, a PperucTpauus HHTEPECYIOUIMX BBIXOAHBIX BEJHYUH
OCYIIECTBJSAJIOCH C MOMOUIbIO 3JeKTPOHHOrO MHAMKaTopa M-4M u BosibTMer-
pa, pacnoJoxeHHoro Ha nyJabte WIIT-5.

st nceaenoBanns GBICTPONPOTEKAIOUIUX MPOLECCOB BaXKHBIM JOCTOUH-
CTBOM 3JIEKTPOHHBIX MOJIIHPYIOIHUX YCTAHOBOK $IBJISIETCSI BO3MOXKHOCTH Be-
CTH HCC/IeJ0BaHUs B 3aMeJJleHHOM Macuitabe BpeMeHd. BriGop maciraba
BpeMeHH OOYyCJIOBJIMBAeTCs pa3pellaloulefi CnoCcOOHOCTbIO PETHCTPHPYIOLIE
annaparypbl WM CTpeMJeHHeM BH3yaJbHO Ha6./1101aTb HCCJEAyeMbie Mpo-
neccbl. Jlag uccaenoBaHMs MalIWH yAAapHOTO W BHOPAIMOHHOrO JIEHCTBHUSI
¢ yactoTtoit HuKJA0B 15—>50 riy y1o6Ho BeIGpaTh MacuitTab BpeMeHH B Ipee-
aax 10 —8—10 —4,

[Ipennaraemas  3/1€KTpOHHAsi MOJe/b II03BOJISIET NMPOBOJAUTH HCCAEL0-
BaHWe JMHAMHMKHM MOJIOTKOB B Ipoliecce pyOKH MeTaJja, M3rOTOBJEHHS 3a-
KJIENOK, pas3pylleHHuss FOPHBIX NOPOJA ¥ Mep3JblX FPpyHTOB U T. Im. OcobeHHO
BaXKHbIM B MNOAOOHBLIX HCCJIEJ0OBAHHUSIX SIBJASETCS H3YUYEHHE YACTOTHI U am-
IJINTYJbl BUOpALlMH KOPIYyCa MOJIOTKA, MO0 KOTOPbIM OIleHMBAeTCsl KauecTBO
MOJIOTKOB C CaHUTApPHO-TUTMEHUYECKOH TOUKHU 3peHus [4]. '

HccnenoBanre BHOpPALMOHHBIX XapaKTePUCTHK MalIMH Y/JAapHOro i
BHOPAIMOHHOrO MAEHCTBUSI METOJAOM MAaTeMaTHYeCKOro MOJAEJNHPOBAHHsS IO-
3BOJISIET BBISIBUTb MX IIOBeJleHHe NPH IIHPOKOM H3MEHEHHH HCXOJAHBIX JaH-
HBIX (XapaKTepHCTUKH, YCAOBHUSI M peXKUMbI paboThl U T. A.). Ha ocHoBanuu
pe3yJbTaToOB MOJEJUPOBAHHS ONpeeasIOTCS 30Hbl ONTHMAJBHBIX PEeXUMOB:
pabGoThl CYIIECTBYIOUIMX MAalUWH, BHISIBJSIOTCS Pe3epBbl MOBBILIEHUSI HX INPO-
H3BOJUTEJNbHOCTH TPH OJHOBPEMEHHOM CHHMXKEHHH BHOPAIlMOHHOTO BO3JAeH-
CcTBUA Ha opraHu3m pabouero. Kpome Toro, mojaennpoBaHue MHO3BOJSIET
npeickasaTth psiji 1enecoo6pasHbIX KOHCTPYKTUBHBIX BAPHAHTOB HOBBIX Ma--
I{MH JIyYlllero KauecTBa.

Jlannasa mojenb pasdpaboraHa Ha Kadeape MaTeMaTHYECKHX H CUETHO-
pemramouux npu6opoB u ycTpoiictB TOMCKOro no/JiMTeXHHYECKOro HHCTHUTYTA
¥ NpoBepeHa B pabOTe NMPH HCCIETOBAHUU THEBMATHUECKUX PYOHIbHO-KIIe-
NaJbHBIX MOJOTKOB TOMCKOro 3/1€KTPOMEXaHHYeCcKoro 3aBOfa H 3JeKTpO-
MarHUTHBIX MoJoTkoB TITH.
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