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B kBa3HCTaTHYECKOM NTPHGIIHDKCHHH HCCIEHOBaHbI CEIIEKTHBHbIE CBOHCTBAa MAKPOIIOJIOCKOBBIX (QOHIIETPOB
JIECTHHYHOTO THIIA Ha PEe30HATOPAaX CO CTYNEHYAThLIM H3MECHEHHEM HIMPHHBI NIOJJOCKOBOrO MPOBOTHAKA,
uMeloero ¢opMy rasrenn. PaccMOTpeHbl KOHCTPYKIMH € HRCIOM 3BEHBEB OT TPEX JIO IIECTH, B KOTOPBIX
OGNACTH CBS3H CMEXHBIX PE30HATOPOB ONPERENIOTCA JIHHON HX BHCIIHAX HU3KOOMHEIX y4acTkoB. [1o-
Ny4eHbl 3aBHCHMOCTH KPYTH3HbI CKJIOHOB aMIUIMTYRHO-YacTOTHBIX XapaKTCPHCTHK OT JAHHBI OOKACTH
CBS3H PE30HATOPOB H OT APYTHX KOHCTPYKTHBHBIX NIapaMeTpoB (pHABTPOB NpH (PHKCHPOBAHHON OTHOCH-
TeNBHOI IHPAHE MOJIoCHI ponyckanus. [TokazaHo, YTo CHMMETPHYHYIO (POPMY XapaKTEPHCTHKH MOXHO
HONYYATH JIMHIb IPH NOAK/IOYEHHH (PUIIBTPA K JIMHHAM Nepefadn no Gonbuo# praronann. Habmopnaeres
XOpOIliee COTacHe PacyeTa C IKCIEPHMEHTOM KaK [ OTKPBITBHIX, TaK H /I 9KPaHHPOBAHHBIX KOHCT-

YKy,

BBEJEHHE

'HI3BeCTHO, YTO HCHONbL3YEMBIE B CBEPXBLICOKOYA-
CTOTHOH TEXHHMKE KOHCTPYKIHH MHKPONOIOCKOBBIX
¢unbTpoB (MIT®), Kak MpaBHNO, AMEIOT ACHMMET-
PHYHYIO aMIUTATYJHO-YaCTOTHYIO XapaKTCPHCTHKY
(AYX) OTHOCHATENBHO OCH, NPOBEKCHHON YepeE3 LIEHTP
nonockl nponyckanus. HanpuMep, y TpagHIMOHHBIX
¢HEABLTPOB Ha PETYISAPHBIX PE30HATOPAX € YETBEPTh-
BOJIHOBBIMH CBSI3IMH OO/BIIE KPYTH3HA HH3KOYAC-
TOTHOrO cKoHa AYX, a y peieTdarsix MII® — BbI-
COKOYacTOTHOrO ckyoHa. IloaToMy B cirydae, KOria
TpebyeTcs QUIALTP C CHMMETPHYHOH (hOpMOii Xapak-
TEPHCTHKH, pa3paboTyAKaM NPHUXONUTCH HCIONB30-
BaTh H30BITOYHOE YHCIIO 3BEHLEB B HEM, YTOOBI 06ec-
NeYdTh HeOOXOUMOE 3aTyXaHHE CHIHAJIa Ha IOJIO-
roM cxiaoHe AYX. B pesyasTaTte, o4eBHgHO, HE
TONBKO BO3PAaCTAIOT MPSIMbIE NMOTEPH MOIIHOCTH B
HOJNIOCe MPOMYCKAHWA H YBENHYHBAIOTCA rabapHThl
YCTPOHCTBa, HO H YCHOXHSETCH NPOLECC €ETO IpO-
€KTHPOBaHH:A, a8 TAKXE HACTPOHKH IOCIE H3rOTOB-
JICHHS.

AcuMMeTpHSA aMIUTHTYIHO-4aCTOTHOH XapakTe-
PHCTHKH KaxkJo#l KOHKPETHOH KOHCTpykuuH MIIP
SBJISIETCA CJIEACTBHEM YAaCTOTHOM 3aBHCHMOCTH KO-
a(ppunueHTOB CBSI3H €€ pe3oHaTopoB [1]. Pacro-
JIOXEHHEe MakcuMyMa ko3¢ PHIHEHTa CBA3H CIpaBa
HIIE CJieBa OT MOJOCHI HponmycKaHus (puIbLTpa IpH-
BOJIMT K YMEHBILIEHAIO KPYTH3HEI COOTBETCTBYIOIIE-
ro cknosa AUYX. CuMMeTpHYHYIO XapaKTEPHCTHKY
HMEIOT KOHCTPYKIMH, B KOTOPBIX MAKCHMYM KO3(-
¢HIMeHTa CBA3H COBNAAAET C HEHTPOM IIOJIOCHI IIPO-
nyckanusa. Kak m3BecrHo, Ha acmMMmeTtpHio AYX
CHJILHOE BJIMAHAC MOTYT OKa3bIBATh H NOJ10Ca 3aTy-
XaHWs B CJIy4ae, KOT/ja OHH pacnojaralorcs 61u3Ko K
NoJIoce MponycKaHus (PHIbLTpa.

IToBegeHHe YaCTOTHO-3aBHCHMBIX KO3 (PHLUHCH-
TOB CBSI3H OT JJIMHBI 00/1aCTH B3aHMOAEHCTBHS pery-
JSPHBIX NOJYBOJHOBBIX PE30OHATOPOB, a TAKXKE IIO-
BefieHHE KO3(P(PHLMEHTOB KPYTH3HbI CKI0HOB AUX
MHOT'03BEHHBIX MHKPONIOJOCKOBbIX DUILTPOB JIECT-
HHYHOTO THIIA BIepBhle ObLIO ACCIIEHOBAHO B [1, 2].
IToka3aHo, YTO pacCCMOTPEHHAsi KOHCTPYKUHA (PHIIb-
Tpa TO3BOJSET B IIMPOKHMX MNpefejax YNpaBlATbh
KPYTH3HOMH CKIOHOB AYUX peryjidpoBaHHEM JJHHbI
obnactu cBsi3M pe3oHaTopoB. IlonyyeHHBIE 3aBHCH-
MOCTH HMEIOT SPKO BBIPAXCHHBIC JKCTPEMYMBI.
I1pu 3TOM yBEeINMYEHHE KPYTH3HBI OAHOTO CKJIOHA Xa-
PaKTEPHCTHKH BCETAa COIPOBOXKAAETCA YMEHLIICHHA-
eM KpyTu3Hbl apyroro. HMccienoBaHus HO3BONHIH
ONpeNeNuTh TPH XapaKTePHbIe AJUHbL]I O0NAaCTH CBS-
34 pe30HATOpPOB, 00ecneYHBalOmpe THO0 CHMMET-
puunylo opmy AYX, T.€. OMHHAKOBYIO KPYTH3HY
o6onx ee CKIOHOB, JTHO0 NPENENbHYI0O ACHMMETPHIO
AYX, T.e. MAKCHMAJNBHYIO KPYTH3HY HH3KOYacCTOT-
HOTO HJIH BBICOKOYACTOTHOrO CK/IOHOB. (JiefoBa-
TEJbHO, NIPH NPOCKTUPOBaHHH (PHIBTPOB Ha peEry-
NMAPHEBIX pe30HATOPAaX OYEHBb BaXHO ONPEREIHTD Ofl-
THMANBHYIO [UTHHY OOJIaCTH CBSI3H HX IIOJIOCKOBBIX
IPOBOJAHHKOB, TaK KaK TOJILKO B 3TOM cliydae Tpely-
€MYI0O AaMIUIMTYJHO-4aCTOTHYIO XapaKTEpPHCTHKY
MOXHO c(pOpMHPOBaThH Ha MHHHMAJIBHOM KOJNHYECT-
BE€ 3BEHLEB.

B nacrosiei# paboTe HCCIEAYIOTCA CENEKTHBHBIE
CBOMCTBAa MHOT'O3BEHHBIX (DMIIBTPOB JIECTHHYHOH KOH-
CTPYKIH Ha MUKPOTIOJIOCKOBBIX pe3oHaTopax (MIIP)
CO CTYNEHYAaThIM H3MEHEHHEM [IMPHHDI IOJIOCKOBO-
ro MpOBOAHHKA, HMeolEero opMy rantens. Takne
HEPETYJAPHBIE PE30HATOPHI, KaK H3BECTHO, HMEIOT
6oree BBICOKYIO COOCTBEHHYIO AOOPOTHOCTD MO CPaB-
HEHHIO ¢ perynsapebiMa MIIP, MEHHaTIOpHEE HX, H,
KpOMe€ TOro, 9acTOTa BTOpPOro (apa3sHTHOrO) pe3o-
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Pac. 1. Tononorus DPOBOHAKOB LIECTH3BCHHOIQ MEKPOIOIIOCKOBOTO (PHIBTPA HA HEPETY/MPHBIX Pe30HATOpAX.

HaHCa B HUX yAaJicHa OT nepsoro (paboyero) 3Havu-
TeJIbHO GoJbllie YeM Ha OKTaBy [3]. B pesynsTate Hc-
NONb30BAHME HEPETYJSIPHBIX PE30HATOPOB B PHIBT-
pax OpHBOJIHT HE TOJIBKO K YMEHBIICHHIO FabGapHTOB
YCTPOMCTB, HO H K YIAYYIIEHHIO MX XapaKTEPHCTHK.
B cBOIO 0Yepefb, H3yYEHHE NOBEACHHS CEIEKTHBHBIX
CBOMCTB (MIbLTpPa OT NapaMEeTPOB KOHCTPYKI{HH
OYeHb BaXKHO, TaK KaK NpPH NPOEKTHPOBAHMHA YCT-
POCTB 3TH 3HaHHA MNO3BOJAIOT MOJNYYHTh MAaKCH-
MaJIbHBIA TTOJIOXHTENBHBIH 5¢MPeKT B RAKAOM KOH-
KPETHOM ciy4ae. Hexoropbie BcciieioBaHUs: CBOACTB
JECTHHYHOH KOHCTPYKUHH (PHILTpa Ha HEPErylsp-
HBIX pe3oHaTopax yxe npopomgummuchk [4]. OgHako
OCTae€TCd OTKPLITHIM BONPOC O BIIMSHHMH Ha W36Hpa-
TEABHOCTh (HABTPOB AIHHBI 00aCTH CBA3M CMEX-
HbIX PE€30HATOPOB, MaTCpHaIa MONJIOXKH, OTHOCH-
TENLHOM LIMPHHBI HOJOCHI IPOIYCKAHHSA, & TaKXKe

9KpaHHPOBaHUS YCTPOKCTB.

1. MOOEJIb 1 METOJ UCCIIETOBAHUA

Hccnepyembre necrHudHble KOHCTpYKuma MIIP
Ha PE30HATOPax CO CTYNEHYATHLIM H3MECHEHHEM IlH-
PHHBI IOJIOCKOBOIQ NPOBOJHHKA B pOpMe raHTENH
(puc. 1) copepxanu OT TpeX HO ILUECTH 3BEHBLEB.
Ilpm aToM nuHa o6nacTeil CBSI3M CMEXHBIX PE30Ha-
TOPOB B KOHCTPYKIMH COBIajjaja ¢ JIHHOM HIMPOKUX
HapYXXHBIX YYaCTKOB IOJIOCKOBBIX HPOBOJHHKOB I,.
IonsonuMpble TMHUE NEepefayl C BOXHOBBIM COMpPO-
THBIeHHEM 50 OM KOHAYKTHBHO NOAKJIIOYAJNHCh K
kpaitnuM MIIP nu6o no Gonpmoid (Touku l.,), mi6o
no Mano# (I;) puaronany. ITonockoBblit IPORORHAK
PE30HATOPOB AJMHHOHA [, MMEJ IUMDHHY HApyXKHBIX
Y4aCTKOB W,, @ BHYyTPECHHEX w;. Biarogaps cammer-
PHA KOHCTPYKIHH, 3a30pbl S, MCXKAY IPOBOHEKAMH
HapyXHbIX [Iap P€30HATOPOB OJAHMHAKOBBI, KaK H 3a-
30pHl S; MEX/Ty IPOBOAHUKAMHM CHCAYIOIMX 33 HAMH
BHYTPEHHHX I1ap pe30HATOPOB (S, — BEIHYKHA 3330-
Pa MeXAY LCHTPaJIbHLIMA PE3OHATOPAMH).

TeopeTayeckHe HCCIENOBAHAS CENEKTHBHBIX
coiicte MIT® npoBOgUAKCh C HOMOIIBIO ABTOMATH-
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3HPOBAaHHOH CHCTEMBI POEKTHPOBAHHUSA MHKPOTIOJIO-
CKOBBIX cpmmpon FILTEX [5], B xoropoi napa-
METPHYECKHIH CHHTE3 BbIGPAHHOro YCTPOHCTBA OCY-
IICCTBAACTCS NO 3afaHHOHN IOJIOCE IPONYCKaHHA H
3alaHHOMY MaKCHMAalbHOMY YPOBHIO OGpaTHBIX MO-
TEPH B MONIOCE MPONMYCKAHUS METOROM, OIMCAHHLIM B
[6]. B a2TOM MeTOfEe KOPpPEKTHPYETCsS JMMb Ipynna
naocmpoeyHbiX KOHCTPYKTHBHBIX TapaMeTPOB, YuC-
JI0 KOTOpBIX Ha CHAUHHIYy OOJNbINE YHCIA Pe30Ha-
TOPOB B yCTpo#cTBe [7]. B paccMaTpaBaeMbIX (pub-
TPax K HNOOCMpOe4HbiKk TNapaMeTpaM OTHOCSTCS
AJIHHA DOJOCKOBOrO NPOBOAHEKA, 3a30Phl MEXRY pe-
30HATOPaMH, TOYKH KOHAYKTHBRHOI'O MORKITIOYEHHS
MOBORHMBIX JIMHHHA H IONPABKH K JUIHHAM Y3KHX pe-
TyISpHBIX Y4aCTKOB CPEAHHX pe3oHaTopoB. OcTanb-
HbIC KOHCTPYKTHBHBIC [IAPaMETPhl, KOTOpbie OyieM
Ha3bIBaTh OCHOBHLIMH, BAPbHPOBAJIHCH HAMH B NPO-
LECCe MCCNICMOBAHUA C LENbIO M3YYCHHS HX BJIMAHUS
Ha cesiekTuBHbIE cBoicTBa MII®. K 3THM mapamer-
PaM B MEPBYIO OYEPENH OTHOCATCS CIEAYIOIHE: YAC-
JIO pEe30OHATOPOB B YCTPOHCTBE N, OTHOCHTEJIbHas
AM3NeKTpAYECKas IPOHANAEMOCTb NONJIOKKH £, i ee
TOJNIIMHA h,; IAPHHA NOJOCKOBOTO MPOBOJHHKA Ha
BHEIIHEM W, ¥ BHYTPEHHEM W; yJacTKaxX pe30HATO-
POB; OTHOCHTENbHAS [I/IAHA BBICOKOOMHBIX BHYTPEH-
HHX Y4YaCTKOB IIOJNIOCKOBbIX NPOBOJHHKOB X, = ([, —
— 21,)/l,, a Tax>Ke OTCYTCTBHE WM HAAHYAE Bepxuero
9KpaHa-KpbIIiKH, pacnoN0oXEHHOTO Ha BbICOTE b, OT
NIOBEPXHOCTH MOIIOXKKH.

JIns pacyeTa YaCTOTHBIX XapaKTEPHCTHK MHKPO-
0JI0CKOBBIX pribTpoB B cacreMe FILTEX mcnonb-
3YIOTCA OJHOMEDHBIE MOJE/IH YCTPOUCTB, IPENCTaB-
Jsromme co0OH KaCKajHOe COeMHEHHE OTPE3KOB
ONHHOYHLIX H CBA3aHHBLIX MEKPOIIOJIOCKOBBIX JIHHHI,
B paccMaTpuBaeMoit KOHCTPYKIMHA PHIBTPA, COCTO-
suiek #3 N pe30HaTOpOB, OTPE3KH 0Gpa3yloTcs pas-
OGMeHHEM PHCYHKa NIPOBOMHAKOB Ha PETYNISpHbIE YYa-
CTKH, KOJIHYECTBO KOTOPBIX OIrPaHHYHBAETCA BE-
mu9HHO#i 2N + 3. KOoHIeBbIE €MKOCTH B MOJEAX
YYHTBIBAIOTCS HE TOIBKO Ha KpasX MOJOCKOBBIX
IMIPOBOAHHKOB, HO H HAa CTHIKAX COCAHHEHHNA OTPE3KOB
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nuH@i pasnuyHo¥ mupHHEL [TapaMeTpnl OCHOBHBIX
THTIOB BOJH Jjisi ONMHOYHBIX M CBA3AHHBIX JHHHHA
PaccYATHIBAIOTCA B KBa3HCTAaTHYECKOM MPHOIMKE-
Hud. [Ipy 3TOM YacTOTHas AMCHEPCHS IlapaMeTpoB
VUYMTHIBAETCA B paMKax NPHOJIMKEHHOM aHAJIATHYE-
ckoit Mopenn [8]. [Ina yuera noreps CBY-MomuHOC-
TH, BHOCHMBIX ycTpolicrBaMH, B cicTeMe FILTEX nc-
nonn3yeTtcs AA6G0 H3MepeHHas, TH0O pacCUMTAHHAA
co6cTBeHHas OOPOTHOCTh KOHKPETHBIX MHKPOIIO-
JIOCKOBBIX Pe30HATOPOB. 3aMETHM, YTO JJISI KOHCT-
pykuuii punbTpoB Ha peryaapuuix MIIP ucnonesye-
MBIif METOJI pacueTa 06ecneYHBaET OTHOCHTEIBHYIO
TOYHOCTHL COBNAJICHHA XapaKTEPHMCTHK CHHTE3HPO-
paHHBIX MII® ¢ 3kcnepuMenToM He xyxe 0.5% mo
IEHTPAJIBLHOM YACTOTE HOJOCHI MPONMYCKAHHS H HE
XyXe 5% Io MHBpHHE NOJ0ChI.

JInsi KOJTHYECTBEHHOM OLEHKH M30MpaTEeNbHOCTH
(UILTPOB HaMH HCIOIB30BAIACh KOG PHUUHMEHTHI
KPYTH3HB! HI3KOYaCTOTHOTO K; ¥ BBICOKOYaCTOTHO-
ro K, cknono AYX [2]:

_Af2
T Afi-Af2

. AfR
R Af —AfI2

rae Af; — HIMpHHA NOJIOCHl HPOIYCKaHHs, H3MEPEH-
Hasd 10 YPOBHIO —3 B OT ypOBHA MHHHEMAaNbHBIX IO-
Tepb, Af; # Af;, — IIHPHHBI IONOC YACTOT, HIMEPEHHBIE
OT LEHTpa HOJIOCHI NPONYCKaHHA fi COOTBETCTBEHHO
RO HH3KOYaCTOTHOTO H BLICOKOYACTOTHOTO CKJIOHOB
AYX na ypoHe —30 gb. KoadpHIHEHTHI KPYTH3HbI
ynoGHEI TEM, YTO OHHA HO3BOJSIIOT CYAHMTh 06 acuM-
METPHH XapaKTepHCTAKE (PUILTPAa OTHOCHTENLHO
OCH, IPOBEACHHOH Yepe3 HEHTP MONAOCH! MPOMYyCKa-
Hus. Kpome Toro, npi (HKCHPOBAHHEIX OCHOBHBIX
KOHCTPYKTHBHBIX napameTpax ¢mmptpoB K; u K,
[IOYTH HE 3aBHCAT OT IIHPHHBI NIOJIOCH! IPOITYCKaHMs
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Prc. 2. AYX narape3oBaTOpHOTO (PHILTPA Ha HEpery-
nspusix MITP. Cnnownas nHHAS — KBa3HCTaTHIECKHAN
PacueT, TOUKH — 9KCTICPHMEHT.
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BEJIAEB n np.

YCTpOMCTBa, T.e. ABISIOTCS HH(DODMATHBHBIMH Xa-
PAKTEPHCTHKAMHA CEJIEKTHBHBIX CBOMCTB N1000M KOH-
KPETHOH KOHCTPYKHEH.

B cHcTeMe NPOEKTHPOBAHHS MHKPOHNOJIOCKOBBIX
¢unsTpoB FILTEX npenycMoTpeHa BO3MOXHOCTD aB-
TOMATH3HPOBAHHOTO H3YUEHHA CEJIEKTUBHBIX CBOACTB
yCTpONCTB NPH BapbHPOBAHHH HX OCHOBHBIX KOHCT-
PYKTHBHBIX TapaMeTPOB. [I71s1 9TOro HCCICHOBATENIO
HeOOXOAMMO JIHIIL BHIOpaTh HHTEPECYIONIHIA €ro
OflMH WJIM IBa OCHOBHBIX IIapaMe€Tpa, 3aaTh 1Iar u
AMana3oH Mx H3MeHeHusa. Ha xaxjomM mare paGoTsi
IporpaMMal (PEIBTP ABTOMATHYECKM HACTPaHBaeTCa
Ha 3a[jaHHYIO MOJIOCY IMPOMYCKaHHs KOppeKlueH
NoAcTpoeyHkbIX napaMeTpoB. ITocne Kaxporo mara
naHHBIEe O KO3(PHIHEHTaX KPYTH3HbI CKJIOHOB IO-
nyuuBmeiics AYX ¢unbTpa, a Takke 0 BCEX €ro
KOHCTPYKTHBHBIX NapaMeTpax 3aHOCATCA B OTHENb-
Hbli aitn-Tabaany, o KOTOPOMY B JalbHEHIIEM
MOXHO CTPOHUTH COOTBETCTBYIOIHME OJJHO- HJIH IBYX-
MepHbIe 3aBHCHMOCTH. TakuM o6pa3’oM, couepxa-
muecs B (paitne-TaGiMile CBEEHAS TO3BONIAIOT aHa-
JIA3HPOBATh HE TOJBKO H3MEHEHHE CEJICKTHBHBIX
cBOiicTB HccnenyeMoro ¢HIbTpa, HO H MOBEACHHE
€ro HOACTPOCYHBIX NApaMeTPOB IIPH BaPbHPOBAHHA
OCHOBHBIX IapaMETPOB KOHCTPYKHHUH,

2. OCHOBHBIE PE3YJIbTATHI
UCCIEJOBAHHUN

KBasucraTHyeckuil pacyeT aMIUIHTYJHO-4aCTOT-
HBIX XapaKTEPHCTHK MHKPOIIOJOCKOBBIX (PHILTPOB,
ucnonb3yemeiit B cucreme FILTEX, nokasan xopo-
IlIe€ COTJIaCHE C IKCIEPHMEHTOM Ha BCEX CHEeIHalb-
HO H3rOTOBJIEHHBIX A/ NpoBepkH o6pasnax. Cosna-
neane AYX HaGnroganock gaxe y puibTpoB, peso-
HATOPbl KOTOPBIX MMEJH CPaBHHTEIBHO OOnbime
CKa4KH IIHPHHBI NIOJIOCKOBBIX IIPOBOAHKKOB. B nof-
TBEPXICHUE CKa3aHHOMY BBIIIE HAa PHC. 2 IpefCcTaB-
NeHBl JAaHHbIE PacueTa H PE3yNbTaThl H3MEPEHHH
AMIUTATY{HO-YACTOTHOM XapaKTEPHCTHKH (pHUNLTPA,
COCTOSIIIETO U3 TATH pe30HAaTOPOB. PUALTP GBI H3-
rOTOBJIEH METOJOM FpaBHPOBKH [9] Ha MOIOXKe
TOMIIMHON h; = 2 MM U3 BbICOKOYAaCTOTHOH KE€paMH-
ki TBHC, uMeronie il AU3IEKTPHYECKYIO TIPOHMIIae-
MocTb €, = 82. I[TonockoBblE MPOBOAHHKH HEPETY-
JISIPHBIX Pe30HATOPOB WHMHOA [, = 12.27 MM umenH
IIMPAHY HAPYXHBIX y4acTKOB W, = 4.35 MM, a BHYT-
perHux w, = 0.52 MM (cM. pAc. 1), IpH 3TOM J/IAHA Ha-
PYXHbIX y4aCTKOB TIPOBORHHKOB [, = 4.34 mM. Takas
KOH(pHTypauns NOJIOCKOBOIO NPOBOIHMKA 0becnedn-
BaeT B EUEMETPOBOM [HANa30HE JJINH BONH COOCT-
BEHHYIO HOGPOTHOCTE pe3oHaTopoB O, = 400. 3a3o-
pbi MEXAY BHEIHHMHA ITApaMH Pe30HaTOPOB COCTaB-
nsuta Benuuuny S, = 0.84 MM, a MEXYy BHYyTPCHHAMHE
S, = 1.10 MM. PHUNBTp DOAKAIOYANICA K TPAaKTy IO
6ONBLION NHATOHAJA INOCPEACTBOM KOAKCHAJALHO-
TIOJIOCKOBLIX nepexonoB. TOYKH KOHIYKTHBHOIO CO-
EIMHEHH NEPEXOJIOB C POBOJHUKAMN KpaiHHX pe-
30HATOPOB HaXOMWINCH HA paccTosHHH [, = 4.1 MM
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OT KOHIOB. JIocTaTOYHO XOpollee CorJiacHe pacyera
C 9KCIICPHMEHTOM NI03BOJISET TEOPETHYECKH NpOBE-
CTH CHCTEMAaTHYeCKHe HCCIEHOBAHHSA JIECTHHYHBIX
(HEIBTPOB Ha HEPEFYISPHBIX PE30HATOPAX.

I'nmaBHOH OCOGEHHOCTBLIO HCCNIEHYEMBIX KOHCT-
pykumit ¢UILTPOB ABISAETCA TOT (PAKT, YTO B HUX
[NHHA OGNACTH CBA3H HEPETYJISAPHBIX MEKPONOJIOC-
KOBBIX PE30HATOPOB BCETAa MEHBIIE ITOJOBHHBI
[JIHHBI TOJIOCKOBOrO nNpoBofaHMka. Kax u3BecTHO, B
TaKWX IECTHAYHBIX (PMIBTPAaX Ha PEryasipHBIX pe3o-
HaTOpax KO3(pHIHEHTH HHRYKTABHOTO H €MKOCT-
HOrO B3aMMOAENCTBHSA Ha YacTOTaxX MEPBOH MOIOCHI
IpONYyCKaHHS JAEHCTBYIOT CHH(A3HO H IO3TOMY
cknapeiBatorcs [10]. C yMeHbmeaneM qauabl o6nac-
TH CBA3H PE30HATOPOB HabIIOAAETCa Pe3KOE YMEHb-
HIEHAE WHAYKTHBHOTO B3aMMOJECHCTBHA MEXjy HH-
MH, 06YCIIOBIIEHHOE TEM, YTO MyYHOCTH BBICOKOYAC-
TOTHBIX TOKOB paclojaraloTCi B UCHTPaJbHOH
yacte npoBogHEKoB MIIP, T.e. BHE 06saCTH CBA3H.
EMxocTHOE Xe B3aMMOJICHCTBHE NMPH 3TOM CHavana
pacreT, ROCTHrag CBOero MakKCHMyMa Ha JiIHHe obna-
CTH CB#3H, 6/1E3KOM K 1,/3, ¥ nuiib 3aT€M MOHOTOHHO
NafjaeT, YTO OOYCIIOBIIEHO PacHONOXEeHHEM HyYHOC-
TEH BBICOKOYACTOTHOIO HANpPSKEHUs BONIH3H KOH-
OB TOJIOCKOBBIX MPOBOHHUKOB.,

Bce oTMeueHHBIE 3aKOHOMEPHOCTH B IIPHHIMIE
NOJKHbI COXPAaHHTbCA H B HCCICAYEMBIX JICCTHHY-
HbIX (PHIBTPax Ha HEPETyJIsAPHBIX pe3oHaTopax. On-
HaKO, KaK H3BECTHO, Ha IEPBOA PE30HAHCHOM YacTo-
T¢ CyMMapHas 3JICKTpHYECKas IJIHHA TPEX peEry-
NAPHBIX YYaCTKOB IOJYBOJHOBOTO PE30HAaTOpa THIIA
raiTesd cymecrBeHHo MeHblie Tt [11]. IToaToMy 3a-
BHCHMOCTb AMILTMTYAbI BBICOKOYACTOTHOrO HaIps-
XKEHHS OT KOOPAHHATh! Ha HAPYXHBIX HM3KOOMHBIX
y4acTKax Mﬂg ocitabeBaeT MO CPaBHEHHIO C pery-
NAPHBIM PE30HATOPOM, a 3aBHCHMOCTH AMIUIHTYAbI
BBICOKOYACTOTHOrO TOKa ycwmBaerci [3]. B pe3yib-
TaTe HaJWYAe CKAYKOB IIMPHHBLI NOJOCKOBLIX NpO-
BopHuKOB MIIP npuBopgaT K Gonee pe3koMy H3MEHe-
HAIO HHOYKTHBHOI'O B3aMMOACHCTBUsS DE30OHATOPOB
IpH YMEHbIIEHNH JJIMHBLI HX 00JacTH CBA3H, HO OC-
nabngeT 3aBHCAMOCTb E€MKOCTHOTO B3aHMOJEHCT-
BHA, YTO OTpaxkaeTcs Ha MOBeficHAA KoadhunueH-
TOB KPYTH3HBI CKIOHOB AYX.

Ha puc. 3 noxa3aHbl 3aBHCHMOCTH K03t dunpeH-
TOB KPYTH3HbI BBICOKOYAcTOTHOro (k) H HH3KO4YAC-
ToTHOrO (I) CKIIOHOB aMILUTHTYJHO-9aCTOTHOHM Xa-
PaKTEpHCTHKH IDECTH3BEHHOrO (pHILTpa Ha peso-
HaTOpax THIIA FaHTEJIH OT OTHOCHTCIBHOH JIHHBI
CPEHHX BHICOKOOMHBIX Y4aCTKOB HOJIOCKOBBIX IPO-
BO[JHEKOB. 3aBHCHMOCTH NOCTPOEHbI IPH TMOAKIO-
yenun (PHILTPa K JIMHAAM Nepefayn no 6onbmoi (1)
g Manoil (2) guaroHanam. lllaprHa BHCIIHHX y4acT-
KOB NMOJIOCKOBBIX npoBogHuKoB MIIP B pacuyeTHO#M
MOJIENH W, = 2 MM, a IIIMpHHA BHYTPEHHHUX YYaCTKOB
w; = 0.2 MM. [111 cCpaBHEHHS Ha 3TOM PHCYHKE MOKa-
3aHbl COOTBETCTBYIOIHE KPHBbI€ aHAJIOFHYHOTO Jie-
CTHHYHOrO (PWILTPAa Ha PETyJSAPHBIX PE30HATOpax
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(w, = w; = 2 MM). AHAJI3HPOBaH (QHILTPHI HA NOA-
JIOXKE ¢ FH3IEKTPAYECKON IPOHANAEMOCTRIO €, = 80
TOMIMEHOMK h; = 1 MM NpH (PHKCHPOBAaHHBIX ILECHT-
panbHO# yactote fy = 1 I'Tn 1 IMpHHE NOIOCKHI DPO-
nyckanus Af; = 0.1 I'Tn. MakcaMyMbl 0GpaTHBIX 1O-
TEePb B NOJIOCE NPOMYCKaHuA (PHALTPOB HAXONHIHCh
Ha ypoBHe L, = —14 pb. BupgHO, 4TO B Cily4ae NOA-
KIo4YeHus (UILTPOB HNO MAJIOW AHATOHANH KpYy-
TH3Ha CKJIOHOB CJIaGO 3aBHCHT OT X,, T.C. OT JAJIHHBI
obnacTe CBA3H pe30HATOPOB. 3HAYCHHA KPYTH3HbI
HH3KOYaCTOTHBIX CKJIOHOB AYUX o6oux ¢uibTpOB,
TaK Xe KaK H BBICOKOYaCTOTHbIX, OJIH3KH, ORHAKO K|
3HauMTeNbHO Bhimie K,. Popma AYX ¢Punbtpa Ha
perynspHbIX pe3ocHaTopax OCTaeTCS ACHMMETPHY-
HOM H B clIyYae NOAKIIOUCHHS €T'0 K IHHHIM nepera-
Yy 110 GoNbIIoN gJHAroHa H, XoTs pasnnaue K; u K,
IIPH 9TOM 3aMETHO MeHbIe. B 3TOM ciiygae acHM-
METpHS aMIUINTYIHO-YaCTOTHOH XapaKTEPHCTHKH
¢unLTpa Ha HeperyaapHbIX pE30HATOpPax CAJILHO 3a-
BHCHUT OT JiHHBI 006nacte cea3n MIIP. HuTepecHo,
9TO C POCTOM X,, T.€. C YMEHLIIIECHHEM JITHHBI O6nac-
TH CBA3# pE30HATOPOB, HabmiofaeTcs CHa4yala Bbl-
PaBHHBaHHE, a 3aTeM U “HHBEpCHA KPYTH3HbI CKJIO-
HOB AYX.

AHanormynble 3aBHCHMOCTH K{x,) H Ky(x,) nnd
(HILTPOB HA HEPETYNAPHBIX PE30HATOPAX C YHCIOM
3BEHBEB OT TPEX JIO HIECTH, NOAKIIOYEHHBIX JHO0 IO
Masoit, 160 no 60nLMIOH AMaroHallH, NpefcTaBie-
Hbl Ha puc. 4a 1 46. OTHOCHTENIbHAA LUHPHHA MTOIOCH]
nponyckanus (pUALTPOB NpexXxuss — Afy/fy = 10%, co-
XpaHEHBI TaKXe H BCe KOHCTPYKTHBHBIE NapaMeTpLI
B pacyeTHO# MOJENH, 33 HCKIIOYECHHEM INHPHHEI
CPENHero yyacTka IolocKoBoro nposoasnka MITP:
w; =0.5 Mmm. BaiHO, 94TO KpyTH3Ha HU3KO9aCTOTHOTO
ckioHa AUX npm nofknoyeHuH (PUIBTPA K JIHHASIM
Iepeavyy Mo Maaoi I¥aroHaly CyIeCTBEHHO BhINIE

KI’ Kh T T T T T 2
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Pac. 3. 3aBHCHMOCTH OT X, KO(PPHIUMEHTOB KPYTH3HLI
HH3K04YacTOTHOrO (/) H BHICOKO4ACTOTHOrO (h) CKIOHOB
AYX mecTH3BeHHOro (pHABLTpPA, NOAKIIOYEHHOIO MO
Gonbmoit (xpasad /) 1 no Mano# (2) araronany. Cruiom-
Hble JguHpE — MII®P Ha HeperymsfipHBIX peE3OHATOpPAX,
IITPHXOBBIE JTHHAM — Ha PETrYASPHBIX.
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Pxc. 4. 3asucuMocTa k03¢ PEIMEHTOB KPYTHIHBI HH3KO-
YacTOTHLIX (CIUIOLIABIC JIMHHM) H BHICOKOYACTOTHBIX
(rrprxoBbie) ckoHOB AYX ot X, 14 pasimYHOro IHe-

na pe3oHaTOpoR B (hEALTpE, NOAKTIOUYCHHOM IO Maloh
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(a) 1 Gonslnol (6) Ararosany.

Pac. 5. 3asacuMocT KoaHIHeRTOB KPYTH3HEE AUX
OT [UAJIECKTPHYCCKOH MPOHHIACMOCTH NOMJMOXKH H OT
HIMPHHBI CPEIHEro yHacTKa IOMOCKOBLIX MPOBOJHHKOB
mecru3seHHoro MII®, nopxiioueHHOr0 no Gonbinoi
maaronanu. Temaas noBepxHoctsb — K, cBeTinas — K.

q

BEJISIEB = gp.

HE3aBHCHMO OT YHCJIA 3BEHBEB B HEM, H OHA HE3HAYH-
TENBHO YBENIHYABAETCA [P YMEHbIICHAN NIHHRI 00-
JIaCTH CBSi3¥ Pe30HATOpOB. KpyTH3Ha Xe BHICOKOYa-
CTOTHOIO CKJIOHA NPH 3TOM OCTA€TCd NMOYTH HEH3-
Mennoii. HaGmonaemas acumMetpus ¢opmbel AUX
CTOJIb BellMKa, 94To K; moboro ¢uiabTpa NpeBoCXo-
auT paxe K, ¢unbTpa, y KOTOPOro Ha OJHO 3BEHO
6onbme. OTMedYeHHBIE 3aKOHOMEPHOCTH CIpaBef-
JIUBLI A1 11000 BETHYMHEI CKA4Ka IIMPHHbI MIOJIO-
CKOBOTO MPOBOJHHKA, AUINEKTPHYCCKON NMPOHHLae-
MOCTH TOAJIOXKH M JPYTHX KOHCTPYKTHBHBIX Iapa-
meTpoB. Kpome Toro, acummerpus ¢opmbr AUYX
MOHOTOHHO YBEJIHMYHBAETCH IPH yMECHBIICHUM M-
3JIEKTPHYECKONH NPOHHIACMOCTH MOJNOXKKH, IPH-
ONDKEHMH 3KpaHa K MPOBOJHMKAM MHKPOIMOJIOCKO-
BOM CTPYKTYPHI, a TaKXe IpH YBEJIHYEHHH OTHOCH-
TEALHOM IUAPHHLI ONOCHI PONYCKaHuA (DHIBTPA.

B ciydae mOAKIIOYEHHS HCCIEAYEMBIX (QHILT-
pOB K JIMHHSM Hepefladd Mo OONbINOH MHArOHANU
(cM. puc. 46) KpyTH3Ha HH3KOYaCTOTHOIO CKJIOHA
MOHOTOHHO YMEHLIIAETCS C POCTOM X,, & BBICOKOYa~
CTOTHOTO pacTeT. bnarofaps aToMy ITpH ONIPEAEACH-
HO¥ pnBHe O61AcCTH CBS3H PE30HATOPOB, KOTOPOH
COOTBETCTBYET TOYKA MEPECEYCHHS 3aBHCHMOCTEH
K03(p(UIMEHTOB KPYTH3HbI, PEAIH3YETC CHMMET-
puyHas opma AUX. YBenHyYcHAE YHCIa 3BEHLCB B
(uabTpE NPUBONUT K MOHOTOHHOMY CMEIEHHIO
TOYKH NepecedeHus K, u K, B 061acTh GONBUIMX 3HA-
4eHHA X,. BaXHo OTMETHTB, YTO NMONOXCHHKE ITOH
TOYKH CPAaBHHUTEJLHO CHJIBHO 3aBHCHT OT BCEX OC-
HOBHBIX KOHCTPYKTHBHBIX IaApaMeTPOB, HO ¢1aGo 3a-
BHCHT OT OTHOCHTEJILHOH IAPHHBI MOJOCH! MPOMyC-
Kanmd ¢unbTpa. B yacTHOCTH, HabmionaemMoe cMe-
HIeHHEe TOYKH PABEHCTBA KPYTH3HBI CKIOHOB OT 0.21
no 0.36 B mecTupe3oHaTOpHOM PuAbTPE (CM. pHC. 3
U pHC. 46) OOYCIOBICHO JHIOL YBEIMYCHUEM W, OT
0.2 mo 0.5 MM. OueBHAHO, YTO BO3MOXHOCTB IPOCTO-
ro ¥ 3¢eKTUBHOIO YIIPABJICHAS KPYTH3HOH CKJIO-
HOB AYX B HcciegyeMoil KOHCTPYKUHMH (HIBTPA
HMeeT 60onbIIoe MpakKTHYECKOE 3HAYCHHE.

Ha puc. 5 gna ¢uILTpa, COCTOAWETO U3 INECTH
PE30HATOPOB H NOAKIIOYEHHOTO K THHUSAM MEPERATH
no OONBIIOH AHArOHANH, MOKA3aHLl 3aBHCHMOCTH
KpYTH3HBI CKIOHOB AUX OT NH3IeKTPHYECK Qi Tpo-
HHUIIAEMOCTH NOJJIOXKKH, H3MEHAIOMIEHCA B pEfieaax
g€, = 2...82, ¥ OT HIHPHHBI CPEHETO BHICOKOOMHOTO
y4acTKa NOJIOCKOBOro nposoniauka MIIP, u3Mensio-
mielics B mpepenax w, = 0.2...2 MM. 3aBHCHMOCTH Obl-
NI PacCIATaHbl NPH OTHOCHTEILHOM [UTHHE BBICOKO-
OMHOIO Yy4JacTKa mpoBojHmka x, = 0.4, Tak Kak ¢
OPaKTHYECKOH TOYKH 3peHHs Hambonee ONTHMAb-
Hblil WHTepBai 3nadenud x, = 0.3...0.5. mMeHHO B
3TOM HHTEpBaJie, Kak H3BECTHO [3], mMeeT MecTO He
TOJNBKO MAKCAMAJIPHOE Pa3/IHYHE PC3OHAHCHBIX Yac-
TOT nepBoi (paboueii) H BTOpoH (Tapa3UTHOH) MOJ
Kone6aHuii, HO ¥ NpeJelbHOEe YMEHbILIECHHE JIHHbLI
NOAOCKOBOI0 HPOBOIHAKA, a TaKXe MaKCHMaJIbHOe
BO3pacTaHAe COOCTBEHHOH ROODOTHOCTH MEPBOTO
pesonanca. I3 prcyHKa BHRHO, 9TO C YBETHICHHEM
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£, 1 w; KDYTH3HA HA3KOYACTOTHOT'O CKJIOHA pacTeT, a
BBRICOKOYACTOTHOI'O YMCHBIIACTCH. HpH ITOM KaX-
AOMY 3HAYCHHIO JIK3JICKTPK‘ICCKOﬁ IIPOHHIACMOCTH
MOVIOXKKH COOTBCTCTBYECT ONPCACHCHHAA BE/IHIHHA
IMAPHHBI BHYTPCHHCI"O y4acTka IHOJOCKOBOI'O npo-
BOTHHKA, TIPH KOTOPOH HMCCT MECTO paBECHCTBO Kl
| Kh

3aMETHM, YTO ¢ POCTOM £, CWIBLHOE M3MEHEHHe
XK03(ppHuEeHTOB KpyTH3Hbl CKI0HOB AYUX Ha Ha-
YaNbHOM Y4acTKE 3aKaHYHBAETCS HACBINICHHEM RIS
M00bIX CKAYKOB MIAPHHDI IOJIOCKOBOI'O IPOBOJHEKA,
B TO BpeMs KakK 3TH K03(hhHIHEATE] HMEIOT HOYTH
JHHEHHYIO 3aBHCAMOCTD BO BCEM [IHANIa30HE H3MECHE-
Hus w;. Takoe nosefeHre KO3 pUIMEHTOB KPYTH3~
Hbl OOYCJIOBIIEHO IEPEMEHIEHNEM MAKCHMYMa MOJI-
HOTO K03(M(pHIMEHTA CBSI3H B TY HAH HHYIO CTOPOHY
OTHOCHTEJILHO IIOJIOCHI NpomycKaHu#. Kaxk u3Becr-
HO, TMIOJIOKCHUE ITOr0 MAKCAMYMAa 33BHCHT OT CO-
OTHOIIEHUS. €MKOCTHOTO M HHAYKTHBHOI'O B3aHMO-
nedcTBul pe3oHaTopoB [12]. C yBennueHneM gusie-
KTPHYECKOH NPOHHIIAEMOCTH NOAJIONXKKH EMKOCTHOE
B3aHMOJEHCTBHE OLICTPO YMEHBINAETCS, 3 HHEYKTHB-
HOe ocraeTca Hem3MeHHbIM [10]. C yBenHueHHEM XKe
CKa4yKa [IMPHHbI NOJOCKOBOrO MPOBOJHAKA 3a CYET
CYXKECHHS €ro CpeJHEro y4acrka, HallpOTHB, — MOHO-
TOHHO YMEHBIIAETCA HHIYKTHBHOE BBaHMOI.(eﬁCTBHe,
a eMKOCTHOe cl1aGo pacteT. FiB ToM | B Ipyrom ciy-
Yae HAGmIORAcTCd yMEHbIIECHAE BEJMYHHBI 3a30POB
MEX]y IPOBOJHUKaMH PE30HaTOPOB pacCMaTPHBaE-
MOro (pENbTpa, TaK KakK B HAHICM HCCIECKOBAaHUH 3a-
(HKCHpOBaHa INHPHHA OTHOCHTEIBHOM ITOJIOCKHI PO-
MyCKaHus, a 3HAYAT, ¥ BENIMYHHA NONHOTO K03 du-
I[HEHTa CBA3H B MOJIOCE NPONyCKAHHUA.

B cBol0 0ouepenb, YMEHBIIEHHE 3a30POB TaKkKe
OKa3bIBacT BIMSHHEC HA COOTHOUICHHE CBA3EH pe30o-
HaTOpOB, O6naronaps OoJjiee CHJIBLHOH 3aBHCHMOCTH
OT 3a30pa €MKOCTHOro B3aumopencTsus. I1oaTroMy B
HCCTIERYEMOM KOHCTPYKLHH HPH CPaBHHTEJILHO Ma-
NOH MH3JIEKTPHYECKOH HMPOHHTACMOCTH NOAOXKH
(¢, < 10), xorga eMKOCTHas CBS3b B IOJIOCE RPOIYC-
KaHHA (PHIBTPA NPEBANMPYET Hajl HHAYKTHBHOM IS
mobbIX CKAYKOB MIAPHHBI MOAOCKOBOTO IIPOBOHH-
Ka, He yAaeTcs NONYUHTE PAaBEHCTBA KO3 PuIHEH-
TOB KPYTH3HBI, a 3HAYAT, H CHMMETPHYHON (POpMBI
AYX (cM. puc. 5). OgHAKO €CJIM YMEHBIIATH TOJIIH-
HY NOJJIOXKKM IIDH HEW3MEHHBIX OCTAJBLHBIX KOHCT-
PYKTHBHBIX IapaMeTpax (priIbLTpa WK yBEIHIHBATD
[HPHHY HAPYXHBIX YYaCTKOB PE30HATOPOB, TO pa-
BEHCTBO KO3 pHIHECHTOB KPyTH3HbLI HaOJIIORaeTCA U
B obnacru €, < 10.

Yro KacaeTcs paguxanbHOro padimmanst AUX ¢pmnb-
Tpa, MOAKJIIOYECHHOro U060 no 6osbwmol, 1u6o mo
MaJIO# [AaroHaJid, TO OHO CBA3aHO CO cnenuGHAKoK
pacTipefiefieHust BbICOKOYACTOTHBIX HANPAXCHHN H
TOKOB (3JIEKTPHYECKHX H MATHHTHBIX NNOJIEH) IO M-
He MOJIOCKOBLIX MPOBOHAKOB PE30HATOPOB. [leiicT-
BHTCJILHO, pacnpefelicHue TOKA H HANpSDKECHUS 10
JIHHE BHYTPEHHHX Pe30HATOPOB CHMMETPHIHO OT-
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HOCHTEJIBHO I[EHTpa MPOBO/IHUKA HE3aBHCHMO OT 4Ya-
CTOTHI NAJlafoIIEro CHrHana, Ilpu aToM Ha KOHOax
IPOBOAHMKOB BCETAa pacnoJiaraloTcs My4YHOCTH Ha-
HPsKCHAR | y3Jibl TOKOB. Ha BHEIHAX pe3oHaTopax
TaKasl K¢ CHMMETPHS BLICOKOYACTOTHBIX NOJIEN HMe-
€T MECTO TONBEKO BOGJIM3H YacTOThI HOJYBOIHOBOTO
pe3OHaHCa, T.€. B HOJIOCE IIPONYCKaHHs (HIBTPA.
OpHako ¢ NOHHDKEHHEM 4YacTOTh! MOJBOJHMBIC JIH-
HHH Nepefayd M3MEHAIOT CTPYKTypy nons B MIIP
TaK, YTO MYYHOCTH TOKa CMEIACTCA U3 I[EHTpa pe3o-
HaToOpa B OOJIACTb COCAMHEHMS JIMHWM C IPOBOJHH-
KOM, a C IOBBILICHAEM 49acTOThI — HaoGopoT [2].

IIpr nogknodeHUN (PUABLTPA O MAJION JHATOHA-
JIX TOYKH COCHHHEHHS MOJOCKOBBIX IIPOBOHAKOB C
NHHASMH NIepefiayd, KaK MpaBUIIO, MONafaloT B 00-
JacTh CBA3H pe3oHaTopoB. Ilpu 3TOM Ha yacroTtax
HIDKE NOJIOCH! NPOIYCKAHUA YIACTKHA CBA3H NPOBOJ-
HAKOB BHEILIHHX PE30HATOPOB COAEPXKAT MyYHOCTH
BBICOKOYAaCTOTHBIX TOKOB, 4 BHYTPEHHHX — NYyYHOCTH
HanpsoKeHHi. B pesyirraTe B 3TO# 06:1aCTH 9aCTOT
pe3Ko OCNabAseTCs B3aUMOJIEACTBHE PE3OHATOPOB,
KOTOpOE U HPUBOTHT K 3HAYHTEIILHOMY YBETHYCHHIO
KPYTH3HBI HH3KOYACTOTHOTO CKJIOHA IO CPaBHEHHIO
C BLICOKOYAaCTOTHRIM. B ciydae nogxnrovenns punb-
TpOB MO OOJNBIION JHATOHAJH, TOYKH COEAMHEHUS
JIMHHHA Hepefadyd HaXofsATCsd Ha NPOTHBONOIOXHBIX
KOHI]aX MOJIOCKOBBIX NPOBOAHHMKOB H IIO3TOMY IOY-
TH HE BO3MYLIAIOT CTPYKTYPY BbICOKOYACTOTHBIX IO-
neit B obnacru cesa3u MIIP. B pesynbrare xpyTa3Ha
BBICOKOYaCTOTHOI'O H HI3KOYACTOTHOIO CKJIOHOB AUX
TAKOro (PRABTPA Pa3IMYacTCAd 3HAYATCIHLHO MCHB-
me. 3TAM OO BICHAETCA H TOT PAKT, UYTO K03 Puu-
€HTbl KPYTH3HB! (PHUILTPA, NOMKIIOYEHHOTO MO Ma-
JIO# THaroHaNH, cliabee 3aBHCAT OT OCHOBHBIX KOHCT-
PYKTHBHBIX HapaMeTPOB YCTPORCTBA, IO CPABHEHHUIO
¢ WILTPOM, NMOAKIIOYECHHBIM IO GOILINOH ;maro—
HaJIH.

Kak yxe oTMedanoch, NpeACTaB/ICHHbIE BbINeE
PE3yALTaThl HCCIIEROBAHEA OTHOCATCH K (pHALTpaM
C OTHOCHTEABHOM IIHPHHON IONOCHI HPONYCKaHWA
10%, ogHaxo BECHL KOMIVIEKC 2aHAJIOTHIHBIX HCCIIENO-
BaHMH OBUJI IPOBEACH HaMK M HAd PUILTPAX C NOJIO-
coii nponyckanus Afs/f,, pasHOit 5 u 20%. Ilpu aToM
BCE HCCNEROBAHHbIE 3aKOHOMEPHOCTH KaYECTBEHHO
COBIIafialOT, a BEWYAHA KPYTH3HBI CKJIOHOB AUX B
cIyJae CHMMETPHYHOH (pOpMBI XapaKTEepHCTHKH
(unbTpa NPaKTAYECKH HE 3aBHCHT OT €r0 MOJOCHI
nponyckaHds. Cleyer OTMETHTD, YTO C POCTOM OT-
HOCHTEJILHOM ITOA0OCH] NPOHYCKAaHHAs BEJIMYAHA 3a30-
pOB MEXJy IIPOBOHMKAMH B OOJIACTH CBS3H pe3o-
HaTOpPOB YMEHBINAETCH, B Pe3yJIbTaTe BKJIAN €MKO-
CTHOTO B3aHMOJCHCTBHS DAacTET NO CPABHEHHIO : C
HHAYKTHBHLIM. IIpH 3TOM HE3HAYHTENLHO YBEIHIH-
BacTCA KPYTH3HA HE3KOYACTOTHOIO M YMCHBIIACTCA
KPYTH3HAa BBICOKOYACTOTHOI'O CKJIOHOB AYX (k-
TPOB, OAKJIFOYCHHBIX 110 MaJIOH THATOHAJIA. ITO OCO-
OGECHHO NMPOSIBIIFECTCA B CIY4Yae MaJIbIX JHINEKTPHYEC-
KHX NMpOHHIAeMOCTEeH NOMIOKKH. C yMEHbIICHAEM

NOJIOCH] IPONYCKAaHHS (PUILTPOB, HANPOTHB, Pa3iH-
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Pac. 6. AUX nATH3BEHHOrO IKPAaHHPOBAHHOTO hUILTPa
Ha Heperynapaeix MITP. HITpHxosas JIMHASA — KBa3HCTa-
THYecKH# pacdeT, TOUKE — IKcnepument. Ha scraBke —
tunsTp B 3Kpane: | — KOPIyc 3KpaHa, 2 — NOAXKOpOBast
KpBIINKa ¢ BXO/[HOH# H BEIXOfHO% IHHHAME Nepciadn “),
3 -MIIP.

gyre K09(p(PUIMEHTOB KPYTH3HbI IPABOTO H JIEBOTO
CKJIOHOB YMEHbIIAETCA.

OTHOCHTENIbHAS AJIEHA CPEfHEero (BHICOKOOMHO-
ro) y4acTKa X, Ipd KOTOpO# HaGIIOAaeTCsA PABEHCT-
BO K, ¥ K}, nasi GuIbTPOB, HOAKIIOYCHHBIX MO GONb-
0% [HATOHAJH K JIMHWAM NepeAays, YBeTHYHBACTCA
C POCTOM IONIOCH! TPONYCKaHKsA, XOTA CaMH 3Have-
HEH KO03(P(HIHEHTOB KPYTH3HBI B 9TOH TOYKE, KaK
yXKe OTMEYalloCh, OCTAIOTCA NMPEXHAMH. 3aMETHM,
4TO PY ITOM YBEJIAYHBACTCA H Pa3IHine KPYTH3HbI
ckioHoB AYUX mpH yganeHHH OT 3TO# TOYKH B TY
AJIH HHYIO CTOPOHY.

Kax n3BeCTHO, B peanbHbIX CHCTEMAaX MHKPOIIO-
NOCKOBbIE (PIILTPBI IPHXORATCH IKPAHUPOBATE, YTO-
Obl HCKIIOYHTH BO3MOXKHOE YXYAIICHMEC HX Xapak-
TEPACTHK H3-3a [Apa3sHTHBIX CBA3E# C COCCHUMM
anementamMu CBY-cxembi. SIcHO, 9T0 HpobrieMa MH-
HHATIOPH3aLWH TpeOyeT NpefeibHOrO YMEHBIICHHS
raGapaTOB KOpIIyca 3KpaHa, IO3TOMY Mbl HCCIIE[O-
BaJid BAMAHHE BBICOTbI BEPXHETO 3KPaHA-KPHILIKH
Ha aMIUTHTY[AHO-YacCTOTHBIE XapaKTEepPHCTHKH pac-
CMATpHBaEMbIX (WILTPOB. BBISICHANOCH, YTO €cln
OTHOCHTE/IbHAs JNIMHA CPERHErO -y4yacTKa Hepery-
JIIPHOTO MOJNIOCKOBOTO NIPOBOJHMKA X, > 0.3, KpYTH3-
Ha ckyioHOoB AUX cnia6o H3MEHSAETCst IIPA MpHGmKe-
HHH 3KpaHa K MEKPONIOJIOCKOBOH CTPYKTYpe BILUIOTD
110 BLICOTHI, PABHOM BYM TOJIIIHHAM NONTOXKH. On-
HaKO C YMEHBIICHHEM X, WIH C YMEHBIIICHHEM CKa4Ka
HIMPHHEI [TOJIOCKOBBIX MPOBOJHUKOB MIIP 3ta 3aBu-
cHMOCTh ycwnusaeTcs. IIpa aToM KpyTH3HA HA3KO-
YaCTOTHOIO CKJIOHA PacTeT, a BLICOKOYACTOTHOI'O
najacT TOJALKO B Ciiyyae MOAKMoYeHns ¢uabTpa K
JIMHHUSM TIepeAayd 0o Majioi JHaroHalH, B CiryJae xe
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nopkiovYeHuss puabTpa Mo OGONBIIOA AHATOHANM —
Ha000poT.

IIpuHnMas BO BHEMaHAE TOT (HaKT, YTO TOYHOCTH
KBa3HCTATHYECKOTO paciera MHKPONOJIOCKOBBIX
CTPYKTYP C NpHOJIMKEHAEM 9KpaHa K UX IIPOBOJHH-
KaM najaeT (B YaCTHOCTH, HabNIONaeTcs CHJILHOE
pa3jIFyKe MIAPHHLI TTOJOCH] IPOITyCKaHus QHILTPOB
[13]), Hamu 6bin MpOBefeH CPaBHATENbHBIA JKCIIe-
PHMEHT Ha HECKOJIBKHX 00pa3yax HCCllelyeMbIX KOH-
crpykuuil. OfHako, KaK NoKas3anu H3MEepeHHd, 6na-
rofaps HCTIONE30BaHKIO HEPETYIAPHLIX MEKPOIIONO-
CKOBBIX PE30HATOPOB ‘B YCTPOMCTBAX, HaGmoRaemMoe
pacxoXJieHHe TEOpHH H IKCIIEPHMEHTa CYIIECTBEH-
HO MeHBbIIIe, YeM Y aHAJIOTHIHBIX (PUILTPOB HA pery-
NApHbIX pezoHaTopax. OYEBHIHO, 3TO CBA3aHO C MH-
HAATIOPHOCTBIO HEPEryJIspHBIX PE30HATOPOB, Ona-
rogapsi kotopoii obecneunBaeTcsi Gonee BhiCOKas
KOHIICHTDANHA 3J1€KTPOMardATHO! SHEPrHK B “00b-
eme” MIIP #, COOTBETCTBEHHO, TPEOYIOTCS MEHbIIINE
3a30pbl MEXJAY NPOBOAHAKAMH DPE30HAaTOPOB B HX
obnacTax CBS3H.

Ha puc. 6 npencrapicHa aMILIATYAHO-4aCTOTHAS
XapaKTepUCTHKA MSTH3BEHHOIO MHKPOIMOIIOCKOBOIO
dunbTpa, pacCUNTaHHas NPH BLICOTE 9KPaHa Hajl no-
JIOCKOBBIMH IIPOBOAHHKAMH, PABHOM BCETO {BYM TOJI-
IEHAM NORIOXKH. PHILTP NOAKIIOYEH N0 GOMBIIOH
AHArOHANH K JIAHHSAM, ¥ €r0 OTHOCHTENIbHAS HIAPHHA
MONOCH MPONYCKaHUS NpPH TaKo# BHICOTE 3KpaHa
Afilfy = 10%. (U3MepeHHas 1 pacCYMTaHHAA XapaKTe-
PHCTHKY 3TOrO (PHILTPA B OTCYTCTBHE IKpaHa Obinu
TpeACTABIEHBI Ha PHC. 2, @ ENO KOHCTPYKTUBHEIE Ma-
paMeTphl NpHBENEHbI B Hayaje 3TOro pasjena.)
Ha puc. 6 noka3ana Takke u3mMepensas AYX uccre-
Ayemoro ¢HILTpa (TOYKH), HO YKe pa3MeeHHOro B
cenMalbHOM 3KpaHe (CM. BCTaBKY Ha PHCYHKE).
Kopnyc akpaHa (/) H3roTaBJIMBaJICs U3 JIATYHH B BE-
[ic NPAMOYTOJIBHOM PaMKH, pa3Mephbl OKHA KOTOPOH
HEMHOT0 6oJIbLE rabapHTOB HOLIOXKHE. CBepXy paM-
Ka 3allasiia METAJUTH3HPOBaHHOM NOMKOPOBOH MOA-
JIOKKOM-KPBINIKO# (2), Ha BEpXHEH IOBEPXHOCTH KO-
Topo# copMHpOBaHb! HEGONBILNE OTPE3KH BXOJ-
HOM H BBIXOJHOM MHKPOIIOJIOCKOBBIX JHHHHA (4) ¢
BONHOBLIM compoTtuBieHHeM 50 Om. Mertannuss-
POBaHHOE OCHOBAaHHE HCCIEAYEMOro oGpasua MHK-
pononockoeoro ¢uabTpa (3) OpHNauBald K OCHO-
BaHMIO NMOJHMKOPOBOM KPHIKH, depe3 HeOoNbIne
OTBEPCTHA B KPHIIIKE BXOJI H BBIXON (prIbTpa COSHH-
HAH C MHKPOIONOCKOBBIMHA JIHHMAMH KOPOTKHMH
npoBofHHEKaMH RHaMeTpoM 0.2 MM, KOTOpLIE COOT-
BETCTBEHHO OBIJIH YYTEHBI B pacdeTe. JKPaHHPOBaH-
Hbl TakuM 06pa3oM QUALTP NEPER HIMEPEHHEM NPH-
NaHBajId JETKOIUIABKHM NPHIIOEM K METAJLTMIECKOH
IJIACTHHE HIDKHAM OCHOBaHMEM pamkH. IIpu aTOoM
paccTosHHe 3KpaHa A0 MPOBOJHHKOB MHKPONOJOC-
KOBOil CTPYKTYphI ONpefieNiAeT BLICOTa PAMKH 32 Bbl-
YETOM TOJIIUHBI TOJIOKKH.

Kak ¥ ClIe0BaJIO OKHAATh, MPHOIIKEHHE 3Kpa-
Ha K NOJIOCKOBBIM NIPOBOAHHKAM (PHALTPA MPUBOAHT
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CEJIEKTUBHEBIE CBOMCTBA JIECTHUYHBIX MHKPOIIOJIOCKOBBIX ®UJILTPOB

HE TONBKO K YBEJIMYEHHIO ICHTPAIbHOW 4YacTOTHI
HOJIOCHI MMPONYCKaHMs 3a CYET YMeHbIeHus 3¢ dex-
THBHOM KH3JICKTPAYECCKOM IIPOHUIIAEMOCTH MOJJIOXK-
KH, HO ¥ K MOHOTOHHOMY YMEHBHIEHHIO Af; [fy 3a cueT
6onee OLICTPOrO CHIDKCHHS HHAYKTHBHOI'O B3aHMO-
JeHCTBHA pe30HATOPOB MO CPABHEHHIO C POCTOM HX
eMKocTHOro B3auMopeicrend. Ilpudem B aKCHepH-
MeHTe YMEHbIIEHHE LHIMPHAHEI HONOCH] MPOITYCKAHASA
3aMeTHO cunbHEe. TeM He MeHee, U3 pHC. 6 BHAHO,
YTO KBa3HCTATHYECKOE NMPHONMKeHHe obecneynBacT
MPHEMJIEMYIO TOYHOCTD pacueTa (~10%) naxe B cny-
Yae GIH3KO PACHOJIOXEHHOro 3KpaHa K MOIOCKO-
BBIM MpOBOAHHMKAM ¢mibTpa. Cregyer OTMETHTD,
YTO B CJIy9ae aHAJIOTHYHOrO (WILTPA, BHINONHEHHO-
IO Ha PErynsapHbIX pe30HaTopax, NpHOIH3ATENBHO
TaKOe X€e pa3liHufe TEOPHH ¥ IKCIEPEMEHTA N0 HIH-
PHHE TIONOCHI NpONYCKaHUs Ha6IIofaeTcs MPH BBICO-
T€ 3KpaHa, PaBHOH YETHIPEM TOMIMHAM NOJJIOXKKH.

3AKIIIOYEHHE

IpoBeneHHbIE HCCAENOBaHAS MAKPOINOJIOCKOBBIX
¢$ANBTPOB NECTHAYHOH KOHCTPYKIHH Ha HEPEryNsp-
HbIX pe30HAaTOpax MO3BONHJIH HE TOJNBKO YCTaHO-
BHTb, HO H O0'BSCHATL 3aKOHOMEPHOCTH IIOBEJICHAA
KpyTH3HBI CKTOHOB AYX OT KOHCTPYKTHBHBIX NIapa-
MetpoB. IToka3aHo, YTO TONBKO NPH NOAKIIOYECHAH
¢unpTpa Mo GOJNBIION AHArOHANH BO3MOXHO 3¢-
(exTHBHOE ynpaBJiieHHE KPyTH3HO# CKIOHOB AUX B
MHPOKHX TpefenaxX. B 9acTHOCTH, 3TO MO3BONAET
HONYYHTh CHMMETPHUYHYIO (POPMY XapaKTEpPHCTHKH
pH JI060M uMcIle pe30HAaTOpPOB B pHALTpe. [lns xax-
NO# TOMIIHHEI N [U3JEKTPAYECKOH MTPOHUIIAEMOCTH
NOJJIOKKH 3TO JIETKO AOCTATaeTCs NPaBHILHBEIM BhI-
60poM ATHEBI 06TACTH CBS3H PE30HATOPOB H CKAYKa
IHPHHLI IOIOCKOBOro NPOBOHAKA.

B cnyyae moakimoueHns GHABTPa 0O MaNOH Ha-
TOHANH, KPYTH3Ha HA3KOYaCTOTHOIO cKloHa AYX
BCETTA 3HAYMTENIBHO NPEBBIMAET KPYTA3HY BBICOKO-
yacrorHOoro. Kpome toro, koag¢puimesTsl KpyTH3-
HbI c1ab0 3aBHCAT OT KOHCTPYKTHBHEIX ITapaAMETPOB
ycTpoiicTBa npH mo6oM YHcle 3BeHbeB B HeM. I1o-
ITOMY B T2KOM (PHIBTPE HECIOXKHO “NEPEMECTHTE”
BTOpY:0 (Iapa3sHTHYIO) TOJIOCY IPONYCKAaHHS aMil-
JMTYIHO-49aCTOTHOH XapakKTCPHCTHKH B 3afaHHYIO
06acTh YaCTOT, COOTBETCTBEHHO BLIGPaB KOHGHUTY-
paniio nostockoBbix npoBopaEKOB MITP. CenckTus-
Hble cBOMicTBa (PUABTPa B NEPBOH NONOCE MPOMyC-
KaHHA TIPH 3TOM HE H3MEHATCH. B NMpHHIMIC TakKas
3ajja4a MOXeT ObITh pellieHa H B puibTpe, NOAKAIO-
YCHHOM MO GOJBINOI JHArOHAJIH, HO YXe Oaaronaps
CHJIbHOH 3aBHCHMOCTH KO3(p(HIMEHTOB KPYTH3HBI
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cKJIOHOB AU X OT MHOXECTBa KOHCTPYKTHBHBIX Ia-
paMeTpoB.

Takum o6pa3oM, pe3ybTaThl HCCIACHOBaHM 1103-
BOJIIOT ITOJIyYUTh ONTHMAJIbHYIO KOHPHIYpamuio 110-
JIOCKOBBIX IIPOBOAHMKOB (bHILTPa, COOTBETCTBYIO-
miyio 3ajanHoii AYX. Xopoliee cornacae TEOPHH H
IKCIEPHMEHTa PACCMOTPEHHBIX KOHCTPYKIMH (DHIIb-
TPOB HECOMHEHHO HMeEEeT HCKIIOYHMTENIBHYIO Bax-
HOCTBb i HX IPOCKTHPOBAaHMS.
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