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MHOro3BeHHbIE MUKPOIIOJIOCKOBBIE CTPYKTYpPBI IIMPOKO Hcmoyb3yloTcs B CBY TexHuke B
Ka4yeCTBE YaCTOTHO-CEIEKTUBHBIX YCTPOWCTB WM, Mpolie roBops, GumibTpoB. OHU SABISAIOTCS OC-
HOBHBIMH YCTpOMCTBaMU IpueMa U 00pabOTKH CUTHAJIOB. I TaBHBIMM TpPeOOBaHUSIMHU, NPEIbSIBIIsIC-
MBIMHU K KOHCTPYKIHUSM (HIBTPOB — BEICOKHE CEICKTHBHBIE CBOMCTBA, MITHHATIOPHOCTH U TEXHOJIO-
TMYHOCTh B IPOM3BOJICTBE. MUHHMATIOpHU3aLMs B IIEPBYIO OUepeIb MPOJIMKTOBAHA HEOOXOAUMOCTBIO
YMEHBILIEHUS Ta0apUTOB CUCTEM PaJHMOJIOKALMU U CBSI3U. Y MEHBILIEHUE PAa3MEPOB MHUKPOIIOJIOCKO-
BbIX GuiibTpoB (MII®) pemaeTcst HECKOJIBKUMU MY TAMU: U3rHOaMM UM CBOPAYMBAHUSAMU MOJIOCOK
PE30HAaTOPOB; MCIOJIB30BAHUEM CKAa4KOB BOJHOBOTO CONPOTHUBIIEHHS B KOHCTPYKIMSIX MHMKPOIIO-
J0cKOBBIX pe3oHaTopoB (MIIP); ucrnons3oBaHue B KauecTBE MOATIOKEK (DUIbTpa IUIACTHH U3 Kepa-
MUK C BBICOKOW AMAJIEKTPUUECKOIN MPOHULIAEMOCThI0. OYEBUAHO, YTO BCE 3TU CHOCOOBI MUHUATIO-
pu3anuu GUIBTPOB, B IPUHIUIIE, MOTYT HCIIOJIb30BAaThCS U B COYETAHUM APYT C JPYTOM.

[Ipu ucnonb3oBanun koHCTpyKuuid MIID B mpubopax paanonoKaluy U CBSI3U, MOTYT BO3-
HUKHYTb HEKOTOPBIE TPYAHOCTH, CBSI3aHHBIE C TEM, YTO BO3MOYKHOCTH, OCYILECTBIIATH HACTPOUKY U
PEeryJIMpoBKY HapaMeTpoB (UIBTPOB JJs ONTHMHU3ALMU XapaKTEPUCTHK IOCIE U3TOTOBIEHUS, OT-
paHUYEHbI, OCOOCHHO €CJIM OHM JIOJIKHBI UMETh BBICOKYIO HaJIe)KHOCTh, BO3MOKHA TOJIBKO HEOOIIb-
miast noactpoiika. [Toatomy MII®D nomxHbl pa3pabaThiBaThCS U U3TOTABIMBATHCSA KaK MOXKHO OoJiee
TOYHO, @ UCHOJIb3yEeMbIe TIOJIOCKOBBIE TPOBOIHUKHU JJOKHBI UIMETh CTAaOMUIbHBIE YACTOTHBIE XapaK-
TEPUCTUKH. [[J1s1 JOCTMKEHUS ITUX LIEJIEH B HACTOALLEE BpeMs IIUPOKO IMPUMEHSIOTCS pa3InYHbIC
OpOorpaMMbl aBTOMAaTU3UPOBaHHOro mpoektupoBanuss CBY ¢uiabTpoB, KOTOphIE B 3HAUUTENIBHOU
CTEINEHU 00JIeryaroT 3TH 3aJ1a4H.

Kak Obl10 cKka3aHO BbIlIE, OJUH U3 MyTell MUHHMATIOpU3aLUU (QUIbTpa 3aKI0YAETCS B U3TH-
0ax W CBOpAYMBAaHUU ITOJIOCOK pe3oHaTOpoB. MII® Ha mpsMOIMHEHHBIX pe30HAaTOpax W Huieidax
UMeIOT Oosbiue rabaputhl. /i yMeHbIIEHUs pa3MepoB (PUIBTPOB, B UX KOHCTPYKLMSIX HCIIONb-
3y10T 3arHyTele MIIP, Ha3piBaemble MINUIBKOBBIMUA. PUIBTPBI HA TAKUX PE30HATOpPAX IO CpaBHE-
HUIO C QUIBTpaMU Ha napajuienbHo cBsi3aHHbIX MIIP Gonee MuHHATIOpHBIE U UMEIOT MEHBIINE MO-
tepu CBY MomHoOCTH.

Hacrosmas paboTa mocBsiieHa Co31aHui0 TPOrpaMMBbI

aHaym3a MHUKPOTOJIOCKOBBIX KOHCTPYKIIHUMA u

- 9KCIIEpUMEHTAILHOM POBEpPKE TOUHOCTH ee pacyera. [[aHHbIe
KOHCTPYKLMH  MPEACTaBISAIOT  COOOM  YETHIPEX3BEHHBIE

& MUKPOTIOJIOCKOBBIE MOJIOCHO-TIPOIY CKAOIIINe GUIbTPHI
(IIIId) na audnexTpuyeckol mnomioxkke. B kadectse
MOJIOKKK Hcnodb3yerca kepamuka B20 u B40 ¢ nu-
Puc.l. MII® Ha HeperyJspHBIX, »IeKTPUYECKMMH NpoHUNaeMocTsamu £, =20+ 3 u E, =40 £ 3
BCTPEYHO HANPABICHHBIX, IIIUIb-  COOTBETCTBEHHO. DUIBTPBHI COCTOAT M3 YETHIPEX BCTPEUHO
koBbIx MIIP HaNpaBJIEHHBIX, MMHILKOBEIX MIIP €O ckaukamu BOJHOBOTO

COTNPOTHUBIICHUS, T.€. UMEIONTUX HEPETYJIIPHOCTH (puc.1).

Jlis pacdera aMIDIMTYAHO-4acTOTHBIX XapakrtepucTuk (AUX) MIID, uzobpaxkeHHOMY Ha
puc.l u emy MoAOOHBIX, UCTIOJIB3YETCs KBazuctatudeckud Mero [1]. JlaHHbIii MeToa pacyeTa yc-
NENIHO Mpollea UcnbiTanus B skcnepTHoit cucreMe FILTEX [2], mpenHa3HaueHHON Ui IPOEKTHU-
poBanus MukponosiockoBbix I1I1®. Kak n3BecTHO cxema pacueTHON Mozenu (GUiIbTpa CTPOUTCS Ha




pa30HeHuN BCEX €ro MPOBOJIHUKOB Ha PEryJIsIpHbIE OTPE3KU CBA3aHHBIX MUKPOIOJOCKOBBIX JIMHUI.
[Ipu 3TOM [T TAaHHOM KOHCTPYKIMHU (UIIBTPA, LIeJIeco00pa3Hee UCIOIb30BaTh YIPOILICHHYIO CXe-
My pa30ueHHsl, KOTopas MO3BOJISIET CYLIECTBEHHO CHU3UTh pecypcHble 3aTpaThl. [Ipu sToM pacuer
JOCTAaTOYHO TOYHO COBIIAJACT C PE3yIbTaTOM, ITOJYUYSHHBIM IIPH MOJIHOM pa3OueHuu [3].
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Puc. 2. AUX paccmaTpuBaeMbIX GUIBTPOB (CIUIONIHBIC TMHUU — PACYET, TOYKH - IKCIIEPUMEHT)

JIJ7Isl OIIEHKU TOYHOCTH KBA3UCTATUYECKOTO pacueTa XapaKTePUCTUK (QUIBTPOB, HCIIOIb3Yye-
MOr0 B IIPOTpaMM€ aHaJIN3a, IPOBOJAUTCS CPAaBHEHUE TEOPUU U SKCIIEPUMEHTa Ha oOpa3uax (uibT-
POB C pa3HO MIMPUHOM MOJIOCHI MPOITYCKAHHUS U Ha TIOJUIOKKAX C PA3HON JUAJICKTPHUYECKOU TPO-
HUIOACMOCTBIO. Wsrorosiennnie ABC TTapbI (1)PIJ'II)TpOB HUMCJIM OTHOCHUTCJIIBHYIO IMIHPUHY I10JIOCHI
MPOMYyCKaHUs, U3MEPEeHHYI0 10 ypoBHIO -3 1b Afs/fo = 5% u 10%. {1 00BbEeKTUBHOTO CpaBHEHUS
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Puc.3. Monens MITO

(GUIBTPOB, FEOMETPUYECKHUE pa3Mepbl PE30HATOPOB y BCEX
¢GuIBTPOB OBLTH BHIOpaHBI OAMHAKOBBIC: IIUPUHA HU3KOOM-
HOT'O ¥ BBICOKOOMHOT'O Y4aCTKOB M JJIMHA pe30HAaTOpOB. [l
KaXJ10¥ mapbl (UIBTPOB U3MEHSUIUCH TOJIBKO 3a30Pbl MEXKTY
pe3oHaTopamu. IIpu 3TOM 1eHTpanbHAs 4acToTa y QUiIbTpa
Ha TOJUIOXKKe U3 Kepamuku B40 cocraBuna BenMUMHY
fo=1,051Tn, ay ¢punbrpa Ha NOAI0KKE U3 Kepamuku B20
fo= 0,72 ITm.

Ha puc. 2 n3o0paxeHbl TEOPETUUECKHE U IKCIIEPH-
MeHTabHble AYX mis naByx MII® Ha HeperyisipHsbiX,
BCTPEYHO HaIpaBIeHHBIX WWINUIbKOBBIX MIIP, ¢ orHOCH-
TEBHON MIMPUHOU MOJIOCH TIpontyckaHus Afy/fy ~ 5%. Ila-
paMeTpbl CHHTE3UPOBAHHBIX (QHIBTPOB IPEICTaBICHbl B
Ttabnuie 1 B COOTBETCTBUHM C O0O3HAUCHUSIMHU, MPUBEIICH-
HBIMU Ha puc. 2.

Pacxoxnenust mpu CpaBHEHHU TEOPUHU C OSKCIIEpH-
MEHTOM CBSI3aHO C MOIPEIIHOCTBI0 KOOpAuHaTorpada mnpu
BBIPE3aHUU TOIOJIOTMH, C IMOTPEIIHOCTHIO MPU TPABICHHE
(moxTpaB) M ¢ AOMYCKaMH MO JAUAIEKTPUUYECKON MpPOHHUIIAe-
MOCTH MOANOXKKHU. [IlepBoHayabHOE HECOBIAZEHHE IO Yac-
TOTE BBI3BAHO TEM, YTO M3HAYAJIBHO B pacueTe QUiIbTpa, Ha-
npumep, Ha nojuioxke B20, E, Opanu paBHoit 20. J{ns Ha-
XO0XJleHUs1 OoJjiee TOYHOrO 3HA4YEHUs NPOHMULAEMOCTH E,

npoBoauiu pacder AUX noadopoM AMAIEKTPUUECKON MPOHUIIAEMOCTEN B 3aJlaHHBIX JHala3oHax,
s B20 E,= 20 £ 3, a g B40 E, = 40 + 3 u cpaBHUBaAIM CO CHATOM AKCIEPUMEHTAIBHON Xapak-
tepuctukoi. [lomobpannsie 3HaueHus E, mokazansl B Tadmmie 1. [lorpenrHocts, BO3HUKAOIIAS
IIPU U3TOTOBJICHUU (UIBTPOB METOJIOM I'PAaBUPOBKU I10 JIAKy 1O OOJIbIICH YacTH CBsA3aHA C HETOY-
HOM FOCTUPOBKOM pe3lia KoopAuHaTorpada.

Amnanu3 rpadgukoB AUX mokazan, yTo Ha 00oux oOpas3iax (GpuIbTpoB HAOIIOIAETCA KavyecT-

BEHHOE COTJIaCH€ pacuera U HKCIepUMEHTa. A UMEHHO Ha-
OyrofaeTcsl CoBMaicHue KpyTu3Hbl ckiioHoB AUX. Pacuyer-

Hasl [IEHTpaJIbHAs 9aCcTOTA MOJIOCKH MPOITYCKAHUS OTIMYACT- B20 B40
cs OT U3MEpPEHHOH He Oosiee yem Ha 3 %, a pacueTHas IIu- L, mm 18,870 18,830
pUHA TIOJIOCHI IPOMYCKAaHUS 1O ypoBHIO -3 nb oTimuaercs

He Oonee uem Ha 15 %. [Ipu 3TOM y PpuabTpoB HA MOIIOK- le, Mm 16,920 16,830
ke B20 HaOmromaercss Jake HEKOTOPOE KOJIMUYECTBEHHOE L 4,360 4350
COBMAJICHUE T10 NMPSAMBIM MOTEPSIM TEOPUU U IKCIIEPHUMEHTA

o ypoBHio —3 1b. B 001mieM e OTKIOHEHHs TI0 MOTepsSIM We, MM 1,455 1,448
CBSI3aHBI C HETOYHON HACTPOUKOW (UIBTPOB TMOCIE H3TO-

TOBJICHHSI, BBI3BAaHHBIX IEPEUMCICHHBIMU BBIIIE IOTPEIl- Wi, MM 0,957 0,953

HocTAMH. ClienyeT OTMETUTh, YTO OCHOBHOMW IIEJIbIO JaH-
HOU paboTHI HE CTOsIa HACTPOWKa (MIBTPOB, HEOOXOAUMO
OBLIO CPABHHUTH TEOPHIO C IKCIIEPUMEHTOM. So, MM 2,637 2,640

Taxkum 00pa3om, pe3ynbTaTOM JAaHHOH paboThI SB-
JSIETCS. TEOPETHYECKOe W AKCIEPUMEHTAIbHOE TOITBEp-
KJICHHE KOPPEKTHOCTH BBIOpaHHON MOJENM pacdera yac-
TOTHBIX XapaKTEPUCTUK JAaHHOW MHUKPOMOJIOCKOBOW KOHCT-
pykimu. TIpOBENEHO KayeCTBEHHOE CPAaBHEHHME KBa3MCTa- Er 17 37,5
TUYECKOTO pacuera ¢ AKCIepUMEHTOM Ha oOpasmax [IT1D.
[TokaszaHo, 4TO pe3yabTaT TEOPETUUECKOTO pacyeTa COBIa-

Tab6nuna 1 IMapamerpst MIID

Wy, MM 0,912 0,923

s,oum | 2975 | 2973
H,;, mm 2

S, M’ 23 x 30




Ja€T C OKCIICPUMCHTAJIbHBIMU JaHHBIMU B ITPEACIaX ,HOHYCTHMOﬁ MOrpCIIHOCTH.
C03z[aHa nporpamma, OCyHmICCTBIIAOIIAA aHaJI3 MHUKPOIIOJIOCKOBBIX KOHCprKI_[I/Iﬁ COCTOs-
X U3 BCTPECYHO HAIIPaBJICHHLIX, INIMTUJIBKOBBIX MIIP co ckaukoM BOJTHOBOT'O COIIPOTUBJICHU.
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