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@DinETp BHCOKOYACTOTHAX CHTHAJIB / Marictepchka JiucepTaris 3i crnemiansHocti 171 —
Eaexrponika crneuianizauii «EjdexkTponni npuiaau ta npucrpoi». Pemernux .M. HTYY
«KIII imeni Iropst Cikopcbkoroy. DakyisreT eneKTpoHIKH, kKapeapa eIeKTPOHHUX MPUIaIiB Ta
npuctpois. I'pyna IE-71IMII. — K.: HTYVY «KIII imeni Irops Cixopcbkoroy, 2018. — 75 c., i
17, Tabn.7.

Kuarouosi caoBa: ITAX — moBepxreBi axycruuni xmii; OAX — 00’eMHI aKycTHYHI
xBuiai; AUX — aMIUIiTYyIHO-4yacTOTHa XapakTepuctuka; OUX — (hazodyacToTHa XapaKTEepUCTHKA;
JIUM — niniiiHo-yactotHa Moxynsuis; PJIC — panmionokamiiina cranuisi; HBY — HaaBucoki
4acCTOoTW.

Koporkuii 3mict po6oru: [IpencraBneHo omisig HAyKOBO-TEXHIYHOI JIITEPATYpH IO
(YHKIIOHATBHUM TPHUCTPOSIM Ha MOBEpXHEBUX akycTHHUX XBWIAX (I[TAX), ski 3HAXOIATh
IIMPOKE 3aCTOCYBAHHS B CHCTEMAaX CTBOPEHHS, KOJAYBaHHS, 3aTPUMKH, YaCTOTHOI (inbTparii Ta
MiJICUJICHHS Pai0CUTHAIB.

IIpencraBineHo (YHKIIOHAIBHY CXeMy, Pe3ylIBTaTH PO3POOKH Ta MOCTiMKEHHS (i3uKo-
MareMaTHyHoi Mojeni cMyroBoro ¢imerpa Ha ITAX 3 amoAu3amiero eJNEKTPOIiB 3yCTPIYHO-
LITHPOBOTO TIEPETBOPIOBaYa 3riiHO PyHKINT XeMMiHra.

IpencrasBneHo pe3yibTraTH IHXKEHEPHOTO PO3paxyHKy KOHCTPYKTHBHHX,
aKyCTOENEKTPUYHUX MapaMeTpiB Ta pe3ylIbTaTH eKCIEePUMEHTABHOTO IOCIIKEHHS CMYTOBOTO
(buTETpa HAa TOBEPXHEBUX aKyCTUYHHUX XBUIISX 3 BUKOPHCTAHHSIM ITIAKIANKH 13 HI00AT JiTito YZ-

3pi3y 3 HACTYMHHMH XapaKTepHCTHKAMU: IIEHTpalbHa dacTtota f = 69,76 MIm; cmyra
npomyckanssa Afs = 1,0 MI'u; koedimienT npsamMokyTHOCTI Knaos) < 2,0.
AHOTANIA

B wmaricrepcekiii  po0OOTi  MpelnCcTaBICHO OMISAA  HAYKOBO-TEXHIYHOI  JIITEpaTypH IO
(YHKIIOHATIBHUM TPUCTPOSIM Ha MOBEepXHEBUX akycTHYHUX XBUIAX (ITAX), ski 3HAXOIATh
[IMPOKE 3aCTOCYBAaHHS B CHCTEMax CTBOPEHHs, KOAYBaHHS, 3aTPHUMKH, YaCTOTHOI (hinbTpamii Ta
IiJICUJICHHS PaIi0CUTHAIB.

TIpencraBneHo (yHKIIOHATBHY CXEMY, pe3yJIbTaTh pPO3pOOKH Ta JOCITIKCHHS (i3uKo-
MareMaTHyHoi Mojeni cMyroBoro ¢dimerpa Ha ITAX 3 amoau3amiero eJNEKTPOIIB 3yCTPiYHO-
LITHPOBOTO TIEPETBOPIOBaYa 3riiHO PyHKINT XeMMiHra.

[IpeacraBneno pe3yabTaTu IH)KEHEPHOTO PO3paxyHKY KOHCTPYKTHBHHUX,
aKyCTOENICKTPUYHHX ITapaMeTpiB Ta Pe3yIbTaTH CKCIEPUMEHTAIBHOTO JOCIIPKCHHS CMYTOBOTO
(binbTpa HA MTOBEPXHEBUX aKyCTHYHHMX XBUJISIX 3 BUKOPHCTAHHAM ITiJKJIaKH 13 HioOar mitito YZ-
3pi3y 3 HACTYIMHHMH XapaKTepHCTHKaMU: IIEHTpalbHa dacTtota f; = 69,76 MIm; cmyra
nponyckannst Af; = 1,0 MI'i; koeditient npsimokyTHOCTI Kngios) < 2,0.
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MNEPEJIK YMOBHUX NIO3HAYEHb

IMTAX — moBepxXHeBi aKyCTHYHI XBHIII

OAX — 00’eMHI aKyCTHYHI XBWJIi

31HII — 3ycTpivHO-IITHPOBUH ITePETBOPIOBAY

AUX — aMIUTITYTHO-4aCTOTHA XapaKTePHCTUKA

OUX — ¢azoyacToTHA XapaKTEPUCTHUKA

JIYM — niHifHO-4aCTOTHA MOIYJISIIIS

PJIC — panionokariiiHa cTaHiis

HBY — HagBHUCOKI YacTOTH

BCTYII

CydacHi pafioTexHiuHi 3aco0M MNpallOIOTh B YMOBAaX 3pOCTarouoi Aii NpUpPOAHUX i
ITyYHUX TEPemKoa. PO3IMHUPIOEThCS 00NMacTh IXHBOTO 3acTOCyBaHHS. BoHH mepeTBopmincs
[IPaKTUYHO Yy BEJIUKi OOYUCIIOBaJbHI MaIIMHM, TOYHO YU NPUOIU3HO BUKOHYIOUl JiHINHI 1
HENiHIWHI omepalii ONTHUMalbHOTO (QOpMyBaHHS W OOpOOKM SIK 30HAYBAIBHUX, TaK 1
npuiiMatounx curHaniB. @yHmameHTanbHI pobotm B.A. KorenbHiKoBa IO NOTEHIiaNbHIH
3aBaJIOCTIMIKOCTI PAmiOTEXHIYHUX CHCTEM BH3HAYWIM MATEMAaTH4HI TNPUHIOUNA 1 sKicHI
MMOKa3HUKH MPUCTPOIB 0OPOOKH ONTUMAILHUX CHTHAIB. Poib onTUMabHOi 00OpOOKH CHTHATIB
3pocia B 3B'SI3Ky i3 IIMPOKUM 3aCTOCYBaHHSIM y pagioyIoKalii MEeTONIB ONTUMANBHOI (inbTparnil
YaCTOTHO-MOJYJIbOBaHUX IMITYJIbCIB Y CIIOJIyYEHHI 3 METOJIOM KOTEPEHTHO-IMITYJIBCHOI CENEeKIiT
PYXOMHX 1ijiedd, po3pobiennx pansHcbkumu BaeHumHa S. [1. Illupmanom, B.H. TonmukoBuM i iH.
T'oTOBHUM HACTIIKOM UX poOIT OyJI0 BUSBICHHS i BCTAHOBIICHHS 3B'SI3KiB MiXK MaTEeMaTUIHIUMHU
omepaiisiMd ONTUMAIILHOI OOpOOKH 1 Mpolecamu, L0 MPOTIKAIOTh y pEalbHUX CHCTEMaXx.
OnmHouacHO 3'CYBAJIOCS, IO HOBI MeTOAW OOpOOKM BHMAraroTh BEJIHKOI HOMEHKJIATYpH
(GyHKIIOHANBHUX BY3JIB 1 IPUCTPOIB 3 HETPAJULIMHIMU PadiOTEXHIYHUMU XapaKTePUCTUKAMU,
mo0Oy/T0BaHUMH Ha MPHUHITUIIAX aHAJIOTOBOI 0OPOOKH CHTHAIy B MIKPOMIHIaTIOPHOMY BHKOHAHHI.
TpaauuiiiHi KOMIIOHEHTH TPHUBENIX IO TPOMI3IKHUX CHCTEM 1 HE MOIVIM I[LIKOM peai3yBaTh
MOXJIMBOCTi HOBUX METOIB, (hopMyBaHHs, 00poOkH i npuitoMy curanis. IIpakTuuHi noTpedu
PamioOTeXHIKH 1 pajioNioKallii pi3K0 CTUMYIIOBAIM 3POCTaHHS IHTEpPEeCy 10 BHBUCHHS HOBUX
GI3MYHUX TPHHINMIB 1OOYNOBM (YHKLIOHAJBHHX IIPHUCTPOIB. 3'acyBayocs, mo poOOTH B
00MacTi aKyCTOEJCKTPOHIKM JIO3BOJSIOTH HAWOUIBII e(EeKTHBHO peali3yBaTH BHMOTH
onTuMabHOT ~ 00poOku  curHaimiB. OCHOBHI  HampsIMKH  PO3BUTKY  HPUCTPOIB  Ha
aKyCTOENIEKTPOHHHX NPHHIHUIIaX chopMyiboBaHi akageMikoM F0.B. I'yiasesum.

BuBUeHHS aKyCTOENEKTPOHHHX SBHII Yy NPHKIAJHOMY IUIaHI TaKoX IIOB'SI3aHO 3
IOPaKTUYHAMH ~ MOXJIMBOCTSIMH  PAJUKAIBGHOTO  IONINIIEHHS  XapaKTePHCTHK  BiJJOMHX
pPaliOTeXHIYHUX NPHUCTPOIB 1 CTBOPEHHS NPUHLMUIIOBO HOBUX INPHCTPOIB 3 NapamMeTpamH,
HEAOCSHKHUMHU TPaTULIIHHUMH 3ac00aMu.

3acTocyBaHHS MPUCTPOIB HA aKyCTHIHUX XBUIIAX JUIS TeHepamnii # 0OpoOKH CHTHANIB 1ae
Taki nepeBary, sK Maji rabapuTHI PoO3Mipu, MEXaHiuHy MIlHICTb, IIMPOKUI IUHAMIUHHH
Jiama3oH, BHCOKY JOOPOTHICTh, HaIiHICTh, TEXHOJOTIYHICTh, TapHY BiJTBOPIOBAHICThH 1
CTaOUIBHICT TapaMeTPiB PaAiOTEXHIUHUX CXEM.

PiBeHb nOCHIKEHb 1 NOCATHEHHS aKyCTOEJIEKTPOHIKM TaKuil, 10 ChOTOJHI MOXKHA
BIIEBHEHO TOBOPHTH MPO PO3POOKHM 1 TPOMUCIOBHHA BHITYCK BEIHKOI HOMEHKIATypH
BUCOKOC(CKTHBHUX  AaKyCTOCJIEKTPOHHHUX IPUCTPOIB 13 INHPOKMMH  (YHKIIOHAJBHHUMH
MOXJTNBOCTAMMW.

@yHKIIOHAIBHI IPUCTPOT, T0OyTOoBaHI Ha (BI3UYHHUX NPHHIMIAX aKyCTOCIEKTPOHIKH, I1e
HOBHI KJIaC TIPUCTPOIB reHepallii i aHaaoroBoi 0OpoOKM CHTHAJIIB y peajbHOMY MaciTali yacy
B giama3oHi yactot Bixg 10 MI'q mo 16...18 I'T'my.

CrorofHi aKyCTOEIEKTPOHHI TPHUCTPOI YCIIIIHO BHKOPHCTOBYIOTBCS B paJliONOKAIlii,
TEXHilli 3B'A3KY, TeJe0aueHHi, CHCTEMax OOpOOKH CUTHAJIIB CAMOTO Pi3HOTO NMPU3HAYEHHS.

Pa3om 3 TM I pAy CHCTEMHHX 3aCTOCYBaHb, TAKHX SK YaCTOTHA CENICKIis Ha
npomixHilt wactori (ITY), MixcuMmBombHa iHTepdepeHmis, IMUIBHICTH iH(OpMaIiifHIX
KaHaIiB, BHCOKa HaAIMHICTh, Maji Macora0apuTHI XapaKTEpUCTHUKUA 1 HU3bKA IiHA TpPH
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CX0XiCTb

OaraTtocepiiHOMYy BUPOOHMIITBI, TOTPIOHO CTBOpPEHHsI (UIBTPIB Ha MOBEPXHEBUX
akycTnaHuX XBUIAX (ITAX) 3 BHCOKHM KoedilieHTOM HPSMOKYTHOCTI i MaJMM piBHEM
ocuMiIsii y CMy3i TpPONYCKaHHS, TPAaHUYHUX XaPaKTEPUCTHK 10 HEPIBHOMIPHOCTI
TPYIOBOTO Hacy 3alli3HIOBAaHHS, TPaHUYHOMY pIBHIO BHECEHOTo 3aracaHHs. Lli Bumorm
MOCTIHO BUCYBalOTh HEOOXimHICTh po3poOku (inerpiB Ha [TAX HOBHX MOKOMIHL 3 OCHOBHHUX
(dynkuiit. Pimenns wuiel HaiiBaxuBimoi iHGopManiitHOi 3ajqa4i 3aJeXUTh: MO-TIEpIIe, Bif
JOCATHYTOTO PIBHS BHPOOHHIITBA; MO-ApyTe, BiJ YCIIXiB B obOmacti (yHmaMeHTaNbHHX i
OPUKITAHUX  JOCTI/DKCHb, PO3BHUTKY METONIB MPOCKTYBaHHA 1 pO3POOKM HOBHX
KOHCTPYKTHBHO-TEXHOJIOTIYHUX PIllICHb.

SIkmo mepmmii  (pakTOp peaNizyeThCs 3a PaxXyHOK YIOCKOHATIOBAHHS —CIICHIaJbHOTO
TEXHOJIOTIYHOIO YCTaTKyBaHHs 1 I'€30€JIEKTPUYHUX MaTepialliB 1 BUMarae BEIMKUX KamiTadbHUX
BUTPAT, TO IPYTHH JAO3BOJISIE MIPAKTHYHO 3 BUKOPHCTAHHSIM TOTO CaMOTO IMApKy yCTaTKyBaHHS,
MarepiaiiB 1 CKIIaI0BUX 1HPPACTPYKTypH aKyCTOENEKTPOHIKYA JOMOITUCS BiIYyTHOIO BUIpally Y
TMOMIMIICHHI OCHOBHUX XapaKTEPUCTHUK 1 OJIep>KaHHI HOBUX TapaMETPiB, HEJOCS)KHUX aHAJIOTAMH,
a TaKOXX y CTBOPEHHI HOBUX KJaciB (inbrpiB Ha [TAX.

VY po3BUTKY TeNEBI3IMHUX CUCTEM CHOCTEPIraeThCsl IOCTYHNOBUI MEPEXi BiJl aHAJIOrOBOI 10
udpoBoi Gopmu nepenadi iHpopMmaliii, 110 JO3BOJIUTH MEPSHTH HA 30BCIM HOBHUH SIKICHHW PiBEHB.
Iepeparu mudpoBoi mepeaadi MMUPOKO BiOMi: BUCOKA 3aBaJIOCTIHKICTh i MOXIIMBICTD IepeaBaTH
Habararo Ounblie udposux tenesiziiiaux (TB) nporpam. Hanpuknan, y crangaprauii kanan 8 Mg
MOXHa BMICTUTH JI0 YOTHPHOX IPOrpaM CTYAIHHOI sikocTi. OqHaK Uit mpuiiomy Takoro TB- curnamy
HeoOXiHui U poBHA TeNeBi3iHHMI mpuitMad. /st 3aMiHM yCBOTO MapKy TEIeBi30piB y HACENICHHSA
HEeoOX1IHO 3HAYHUI Yac, TOMY Ha TEPEeXiJIHOMY €Tarli JOLiJbHO BUKOPUCTOBYBATH T'OpUIIHI aHAIOTO-
uudposi TB - npuiimaui.

SIKicTh TeneBi3ifHOIrO 300paKeHHs 1 3ByKOBOIO CYNPOBOAY B 3HAa4Hill Mipi 3alle)KHTh Bif
CNICKTPHUYHHUX XapPAKTEPUCTHK TPAKTY MPOMDKHOI YaCTOTH TeJeBi3ifHOrO mpuiiMada. Yke Ha
TTOYaTKOBOMY €Talli PO3BUTKY aKyCTOCIEKTPOHIKH CTalo BiZloMO, 1O (INBTPH HA MOBEPXHEBHX
AKyCTUYHUX XBUJIIX MOXXYTh YCIIIIIHO BUKOPUCTOBYBATHCS U ()OPMYBAHHS aMILTITyIHO-9ACTOTHUX
i (pasouacToTHEX XapakrepucTHK (AUX i DUX) 60Ky pamiokaHany. [XHiMH OCHOBHIMH TepeBaraMu
€ MaJli po3Mipy, BUCOKA HaJilHICTh, IOBTOPIOBAHICTh 1 CTaOLIbHICTh MapameTpiB. Dinbrpu Ha [TAX
JI00pe y3roKYIOTHCS 3 IHTETpaIbHUMH CXEMaMHM I10 €JISKTPUYHHM TapaMeTpaM 1 MaroTh MOAIOHY
TEXHOJIOTIF0 BHTOTOBJICHHSA. YC€ 1€ MPHBEIO JO TOro, MO Ii MPUCTPOI CTald HEBITEMHUMHU
CJICMEHTAMH TEJIEBI31HHOT TEXHIKH.

3aBnaHHSIM poOOTH € Po3poOKa CMYroBOro (ibTpy Ha MOBEPXHEBHX aKyCTHYHHX XBHJISX
3 HACTYITHUMH ITapaMeTPaMHu:

. HEHTpaJIbHA YacToTa : fo = 69,76 MI'1y;

. cMyra MponyckaHHs Ha piBHi -3 1b: A= 1,0 MI'w;

. BHOCHME 3aTyXaHHs 019HOTO MerocTKa o> 40 ab;

. koediuieHT nmpsiMokyTHOCTI 1o piBHsiM 10/3: K; <2,0 ;
. BHOCHMI BTpaTH Ha IIEHTPAIbHIN 4acToTi: oo < 20,0 1b;

1. ornan HAYKOBO - TEXHIYHOI JIITEPATYPU NO NPUCTPOSIM
HA NOBEPXHEBUX AKYCTUYHUMNX XBUNAX

BinmoBinHo m0 (i3MUHMX NpUHIUMIB Al (YHKIIOHATBHI NPHUCTPOI HA AKyCTHYHHX
XBWISIX NMOJUISIOTHCS HA JIBI TPYNHU: NPUCTPOi Ha 00'eMHuX akycTuuHux XBWIiX (OAX) Ta Ha
noBepxHeBuX akyctuunux xsuwisnx (ITAX) [1...12].

Ho mpucrpoiB Ha OAX HamexaTh BY3bKOCMYTOBI (PE30HATOpHI) Ta MIMPOKOCMYTOBi
TBEPIOTLIBHI JIiHIT 3aTPUMKH Ha 00'€eMHHX aKyCTHMYHHMX XBHIISIX, NMPUCTPOI 3amaM'sTOBYBaHHS
9aCTOTH, T€HEpPaToOpH Ha O0'€eMHHX aKyCTHYHHX XBIIAX. BepxHS Mexa Iiama3oHy dacToT
PO3pOOIIEHIX TIPOMHUCIIOBHX 3pa3KiB JiHiH 3atpumkn Ha OAX pocsirae 16 T'Tu. MakcuManbsHi
3HAYEHHS Yacy 3aTPUMKH JOCATAI0Th JACCATKIB i COTEHb MIKPOCEKYH] Y PEXUMI PEUUPKYJISLIT,
MigimManbHi — 0,1...0,5 Mkc. CymapHi Iepemkoay cKIagaoTs 3...10 16/MKC y IenuMeTpoBoMy Ta
10...20 nb/Mkc y caHTHMeTpoBOMY niana3zoHax. OCHOBHA TEHJEHISl PO3BUTKY TaKHX CHUCTEM
OJISAITA€ B 3HMKCHHI BTPAT, SIKi BHOCSTHCS, MiABUIICHHI iara30Hy poOOYHX YacTOT 1 30UThIICHH]
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npuayleHHs “napasuTHux” curHanmis [1, 3, 5. Brpatu nepeTBopeHHs B cepiiiHUMX Tpuagax
JOpiBHIOIOTH 16...25 106, a muToMe 3aTyXaHHS aKyCTHYHUX XBHJIb Y MOHOKPHCTAJTIYHHX
marepianax — 0,1...0,2 ab/mkc Ha ywacrori 1TT 1 7...8 ab/mMkc ans 3cyBHHX XBWib abo 16...20
IO0/MKC IUISl TIO3MOBKHHUX XBWIb Ha 4acToTi 10ITI ;I MarHiii-arfoMiHi€BOI IIMTHHENI 1 iTpii-
QIIOMIHIEBOTO IpaHara.

OpuH i3 HaliBaxJMBIIMX mnapameTpiB miHiid 3arpumku (JI3) Ha OAX — piBeHb
MPUAYIIEHHS “TIapasuTHUX CUTHANIIB. Hampukinam, Ipu ManoMy 4yaci 3aTpUMKH HalCyTTEBIIIUM
€ TIpsIME MPOXOHKEHHS EJIEKTPOMArHiTHOrO BHIIPOMIHIOBaHHS 3 BXOMy Ha Buxim JI3, a Takox
rmosiBa 0AaraTroNMpONITHUX CHTHAJIB, TOB'S3aHUX 3 TOMAJaHHSIM Ha BHXIJ JIHIl 3aTPUMKH
aKyCTMYHOIO CHTHaJly, IOCHIiZIOBHO BiAOMTOro BiXl TOpLIB KpucTaldy. lIpocodyBaHHsS
BUIPOMIHIOBAHHS PUIYIITYETHCS 3MEHIIICHHAM MPOXiTHOI EMHOCTI, M0 JOCITAEThCS PETSIBHUM
€KpaHyBaHHSM BXIJHOTO Ta BHUXIiJTHOTO IEPETBOPIOBaUiB a00 iXHIM MPOCTOPOBUM PO3HECEHHSIM
3a paxyHOK BHOOpY MaTepiady 3BYKONPOBOAY 3 OLUIBIIOK MIBUAKICTIO aKyCTUYHUX XBHJIb.
[IpunyuieHHss 6araTONPOJITHUX CHTHANIB JIOCSTAETHCS BUOOPOM KOHCTPYKINI Ta Marepiaiy
3BAaKONPOBOZAA, SKi 3a0e3MeduyloTh 3MCEHINCHHS BTPAT Ha PO3MOBCIOMKCHHS 1 3al0BiLIBbHE
aKyCTHYHE Y3TO/DKCHHSI IIEPETBOPIOBAYIB 3 3BYKOIIPOBOIOM.

Po3poOneHi edpekTuBHI MpUHOMHU MPUIYIICHHS 0araTOMPOJITHUX CHTHATIB 32 PaxyHOK
3HW)KEHHS BIZIOMBAHHS aKyCTUYHOTO MPOMEHS BiJ IOPOXOBATOI MOBEPXHI TOPILS 3BYKOIIPOBO/A.
Po3poOnenunit  merox 03BONMB  30UIBIIUTH  MPUIAYUICHHS OaraTolpoJiTHAX  CUTHAJIB
JenMMeTpoBoro aianazony 3 1...4 nb mo 10...12 ab [1].

Axyctiuni JI3 cramm ocHOBOO I po3poOkm reHeparopiB Ha OAX Ta mpucTpois
3arnam'siTOBYBaHHS YaCTOTH, IO SIBJSIFOTh COOOK aKTHUBHI €JEKTPOHHI MPHUCTPOI 3 30BHILIHIM
3BOPOTHIM 3B's13kOM. OCHOBHMM BHCOKOJOODOTHHM €JEMEHTOM Takoro reHeparopa € JI3 Ha
OAX.

OyukiionansHi npuctpoi Ha OAX 3HaAWIUIM MIMPOKE 3aCTOCYBaHHS B CHCTEMax
0OpTOBOrO W HA3eMHOTO KOHTPOJIIO, paIioJaTUUKIB BHUCOTH 1 MJadbHOCTI, Yy TNpHIagax
BHM3HAUEHHSI, 3alaM'ATOBYBaHHsS ¥ BIITBOPEHHS YacTOTH, cuCTeM (OpMyBaHHS W 0OpoOKH
curHanmiB panionokaniiHux craniiii (PJIC), a TakoxX y BUMIpIOBaJIBHIHN amaparypi.

TMoBepxHeBi Tpyxkui xBWwii B jaiamazoni 107... 107 cM Ha3MBAIOTHCS MOBEPXHEBUMU
akyctuaHuMHU xBuaamu (ITAX), xoua iXHi 4aCTOTH BifNOBifal0TH 06nacTi ynsrpassyky [1...12].
IToBepxHEBI aKyCTHUHI XBWJII MaroTh psja crnenudiuHux BiacTuBocTeit. Hacammnepen, 1e
MOMJIMBICTh KEpyBaTH HMMM y BCiX OONACTAX IOBEPXHi, e BOHH PO3IOBCIOIKYIOTHCA. IXHs
aMILTITyIa eKCIIOHEHUIHHO cmajae i3 rmubuHoro, Tak mo 90 % eHeprii, ska MepeHOCHTHUCH,
30CEepeDKEHO B HIapi NIMOWHOIO HE OUIbII OAHIE] JOBKHWHU XBWII. 3racaHHs TaKUX XBHJIb,
3BHYANHO, MaJie, X0ua BOHO 3aJISKUTh Bill BUOOPY MaTepiaiy, 0COOIMBO Ha BUCOKHX YaCTOTaX.
IMAX nommproroThes 31 WBUAKICTIO 1...5 kKM/c , TOOTO MPHONKM3HO HA M'SATh TOPSIKIB HUXKYE,
HiK IIBHIKICTH €IEKTPOMArHITHUX XBHIIb, IO JO3BOJISIE CTBOPUTH HA IXHIM OCHOBI IHTETpalbHI
JiHi{ 3aTpuMKH. SIKIIO TBEpJE TiNO Ma€ M'€30€IeKTPUYHi BIacTUBOCTI, IIAX, sika MOMINPIOETHCS
Y3I0BK HOro IMOBEpPXHI, CYNPOBOIKYETHCA CICKTPUUYHUM IMoJieM. Y CBOIO uepry 3MiHHI
CNEKTPUYHI TIOJIS, IO TPOHH3YIOTh I1'€30CNEKTPHUK, MPHU3BOIATH [0 TOSIBH TMPYKHHX
nedopmaltiii, 10 NOUIMPIOIOTECS B HOTO 00'eMi. 3a JOMOMOrOI0 Pi3HMX HEOTHOPIIHOCTEH Ha
MMOBEPXHI TBEPIOTrO TiJla MOXHA €(EKTHBHO KEPYBaTH IIBHAKICTIO 1 HANPSIMKOM TONIMPECHHS
XBUAI.

BukopucTaHHS TMOBEPXHEBUX AaKyCTHYHHX XBHJIb JIO3BOJIWJIO 3HAYHO PO3LIMPHUTH
(GYHKIIOHATBHI MOXKJIMBOCTI aKyCTOGIEKTPOHHUX MPUCTPOIB. 3HAYHUHN IHTEpeC 10 MPHJIAJiB Ha
I[TAX i npucKopeHHi PO3BUTOK IIi€i 00JacTi TOCIiIKEHb 3yMOBIIEH] BIJOMUMH OCOOIMBOCTAMHU
NepeTBOpeHH i po3noBcromkeHHs [TAX, a Takox ycrixaMu GOTo- Ta eeKTPOHHO-ITPOMEHEBOT
mitorpadii. B TemepimHili wac i NPUCTPOi TNPEACTABICHI IIMPOKOI0 HOMEHKIATYPOIO
(YHKIIOHAJIBHUX TIPUCTPOIB: BY3bKOCMY)KHUMH Ta IIMPOKOCMYXHUMU QinbTpamu, JI3 Ha [TAX,
KOMYTYIOYHMH MPUCTPOSIMH; pe3oHatopamu Ha [TAX, nucnepciiHuMU (idbTpaMu CTUCHEHHS
JIYUM-curHaiy, OpUCTPOSIMU 3allaM'sITOBYBaHHs i BU3HAUEHHS 4acTOTH, reHeparopamu Ha ITAX,
CHUHTE3aTopaMu 4acTot oo [1...12].
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Haiinpocrimma ninis 3atpumkn  abo ¢inerp Ha ITAX (puc.l.1) ckmagarotbes 3
HepeaBabHOro | Ta MPUHMAIBEHOTO 2 MEepeTBOPIOBAYIB, SKi PO3MIIECH] y OLTBIIOCTI BUMAIKIB
Ha TOJIipPOBAHOMY IT°€30€JICKTPUYHOMY 3BYKOIIPOBO/II, 1[0 TPAHCPOPMYIOTh €ICKTPUUHHI CUTHAI
B aKyCTHYHY XBHJIIO Ha BXOHi 1 HAaBIIAKH Ha BUXOMl. Y 3aJIeXXHOCTI BiJl IOCTaBICHUX BHMOT Y
cTpyKTYpy npuctporo Ha [TAX MoxyTh OyTH BKIIOUEHI I0JJATKOBI MIEPETBOPIOBaYi 200 €l1eMEeHTH
KepyBaHHS.

Puc.1.1. Jlinist 3aTpMMKH Ha NOBEPXHEBUX AKYCTHYHMX XBHJISIX

Ockinpku  OinpliicTh TUIB IepeTBopioBadiB  I[TAX MaroTh  JBOCHPSMOBAHICTb
BHITPOMIHIOBAHHS, TO JJISl TOTO, 00 YHUKHYTH Mapa3suTHOTO BiAOWTTS Ha TOPII 3BYKOIPOBOIY
HAHOCSTH MTOIMHAIOYI MTOKPUTTS 3. 3 METOI0 3MEHIIEHHS BHECEHUX 3aTyXaHb Ha BXOJI 1 BUXOAI
npuctporo Ha ITAX 3acTOCOBYIOThCS MAaCHBHI I aKTUBHI y3roukyrodi kona. IIpu HeoOxinHOCTI
3BYKOIIPOBOJ 3 TIEPETBOPIOBAYAMH 1 Y3TOKYIOUYMMH KOJaMH MOXKYTH OyTH BUKOHaHI B OZHOMY
KOPNYyCi.

OcHOBHUIT BHECOK Y (DOpMYBaHHS aKTUBHHX BJacTUBOCTEH npucTporo Ha [TAX BHOCSTH
9aCTOTHO-BHOIPKOBI IpOIlECH IIEPETBOPEHHS XBIIb Ha BXOMi 1 Buxoni. dopMa amiiTymHO-
9acTOTHOI XapakTepucTuk (AUX) mepeTBOprOBa4a BU3HAYAETHCS 3aKOHOM 3MIHH IEPEKPHUTTS
€JICKTPOJIIB 200 anou3aiiero. 3MiHIOIOYN TEOMETPII0 TUIaHAPHOT CTPYKTYPH, MOKHA ()OPMYyBaTH
3amany AUX. 3racanns [TAX mpu HOIIMPEeHHI TaKoX € YaCTOTHO3AICKHHM, ale I 3aJISKHICTh
JUIsL OUTBIIOCTI T’ €303JIEKTPUKIB BIIHOCHO ci1a0Ka y BCbOMY OCHOBHOMY Jialla30Hi 4acToT i i, sk
MIPaBUIIO, HE BPAaXOBYIOTh. Y pe3ynbraTi QyHKIiA mepexadi mpuctporo Ha [TAX BH3HaUaeThCS B
OCHOBHOMY HO€HAHHAM (YHKIIH ITepeadi nepefaBaIbHIX i MPHIIMaTbHOTO MIEPETBOPIOBAYIB, a
TaKOXK Y3TOJKYIOUUX KiJl.

Cepennst  wactora mnpuctpoie Ha [IAX 3amexuTh BiJ Tepiogy eNEKTPOIiB
nieperBoproBaviB. [IBuaxicte [TAX ckmamae 1000...5000 m/c, ToMy HHXHS TpaHHLs POOOYOT0O
Jiama3oHy 3aJIe)KUTh BiJ PO3MIpIB HAsSBHHUX KPUCTAIB, MO0 s 4acTOT Hik4ue 5...10 MI'1
MOBHHHI OyTH HAAMIpHO BEJIMKHUMHU. BEpXHS TpaHUI OOMEXKEHa MOXKIHUBOCTAMH TEXHOJOTIT
BUT'OTOBJICHHS NI€PETBOPIOBAYIB 1 IPU BUKOPHUCTaHHI 3BUYaiiHO1 oronitorpadii ckmanae 300...
500 MTI'1; 3acTocyBaHHS eJIeKTPOHHOI JiTorpadii posmmproe mi rpanumi 1o 1500...2000 MI'n
[16, 18, 19] . Cmyra nponyckaHHs 0OepHEHO MPOMOPIIifHA YHCITY eJICKTPOJIIB y epeTBOpIoBadi i
Moxe OyTH peanizoBaHa B Mexax Bix 0,1 % mo 100 %. Cmyra npomyckanss ¢insrpi Ha [TAX-
pe3oHaropax Moxke Oytu 3menmena a0 0.01 % [8] .

@inerpr Ha ITAX BimgHOCATBCS 1O Kiacy (QUIBTPIB, IO BiXOMI MiJx HA3BOIO
TpaHcBepcaibHuX. [Iponec (inpTpallii MOKHA PO3MNISIATH K MPOLIEC CEJICKIT YaCTOTH, KOTPHIA
HAOUTBII HAOYHO MOXKHA BiOOpa3WTH B 4acTOTHiIA oOnacti. JliicCHO, oIHa cMyra 4YacToT
IPOITYyCKAEThCsl (GiNbTpoM (cMyra MHpPONMYCKaHHS), a iHINI YacTOTH NPUTHIYYIOTbCS (CMYyTH
3aTPUMKH).

VY 3BUYANHHMX JIHIAX 3aTPHUMKH a00 (iTBTpax, fKi CKIANAIOThCA 3 IHIYKTHBHOCTI Ta
€MHOCTI, CMyTU IPOIYCKaHHS Ta 3aTPUMKH (OPMYIOThCS 32 PaXyHOK PE30HAHCHUX €(EeKTiB y
HOCJIiIOBHUX Ta HapaielbHuX Koaax cxemu [1].

Pe3oHaHcH cHOCTepiraroThCsl Ha KOHKPETHHX YacTOTAaX, [0 BU3HAYAFOTHCS €MHICTIO Ta
IHAYKTUBHICTIO PEAKTUBHUX €JIEMEHTIB. YacTOTHY XapaKTepUCTHUKY HEOOXiTHOTO BHUIIALY
OTPUMYIOTh IIIECIIPSIMOBAHOK 3MIHOK PE30HAHCHHUX YacTOT KOMOIHALINA HHX IMCKPETHUX
eneMeHTiB. CeJeKIliss 4acTOTH MOXE TaKoX 3/iHCHIOBATHCS 3a paxyHOK IIPOIECiB, KOTpi
MPOCTIIIIE Ta 3pYYHIIIE peati3ylThCs B YaCTOTHIM obyacTi. CUrHaN, KOTPUI HaIXOJUTh Ha BXif
HPUCTPOIO PO3MVIAAAETRCS SIK XBHIIS, IO NMOMMUPIOEThCs. DIUNBTparist 3AiHCHIOETBCS B Mipy
MPOXOKCHHS. CHTHANY Kpi3h Psi JIHIM 3aTPUMKH Ta JOJABaHHS BiNOBITHUX 3aTPUMaHHX
curHamiB. [Ipu BHU3HAYCHHMX yMOBaxX BCI 3aTpUMaHi CHTHAJIM JOJAOThCA CHH(pa3HO (cMmyra
npormyckaHHs) abo (mpotudasHo). Cxema MPOXOMKCHHS CUTHAIY Kpi3b Takui (UIBTp ITOKa3aHa
Ha puc.l.2. TpaHcBepcanbHUl QBT sIBIIsE COOOK 0araToOBiABiIHY JIHIIO 3aTPUMKH, y SKii
KOYKEH BiJBijl 3'€[HAHMI i3 CIIIIBHOIO BXifHOIO a00 BUXigHOIO mMHO [1,4,10,11].

Puc. 1.2. Cxema TpaHcBepcaabHOro QinbTpy
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®inerp Mae N BiJBOAIB, PO3AIJICHUX JIHIIMHU 3aTpUMKH T, IPUYOMY KOXKHHUH BifBiz
XapaKTepU3yeThCsl BaroBUM KoedimieHToM Ay. Bximunit curaan, mo Haxiimos Ha ¢GinsTp, mep
3a BCEe MOMHOXY€EThCSA Ha KoediuieHT A i pe3yasTar MHOXKEHHs IPOXOIUTh HA CIIUILHUA BUXIiI.
ITotim Apyruit CUrHAJI MPOXOAUTH KPi3b JIHIIO 3aTPUMKHU Ta IIOMHOXYEThCS Ha koeditieHt A,, a
pe3yabTaT MHOXKEHHS JIOJIA€ThCSl 10 CUTHAILY, KOTPHH NPOHIIOB Kpi3b mepuuil BiaBia. Y Mipy
MIPOXOJKEHHST BX1JIHOTO CHTHAJy uYepe3 JIiHil 3aTPUMKHM CUTHAJIH, 10 MPOMIUIM KPi3b BiABOAH,
JONAFOTHCS 1 POPMYIOTh TAKMM YHHOM HAIpyTy Ha BHXOII QiIBTpY.

TpancBepcanbHi  (IABTPU  3HAXOIATH BCE OibIIE 3aCTOCYBaHHS 3 PO3BUTKOM
pamioNIOKAI[ifHOT TEXHIKH 1 TEXHIKM 3B'A3Ky. SIKIIO HEOOXiqHO 3HAWTH CHTHAJ, PiBEHb SIKOTO
HIDKYE PIBHA LIYMY, TO B IIbOMY JOIIOMAarae MoNepeIHE 3HAHHS CTPYKTYpH HEOOXITHOTO HaM
curHany. Hanpukiazn, By3pKOCMYKHHIT (iNETp BUALNAE BU3HAUYCHUH BY3bKOCMYKHHH CHTHAN i
301J1bIIIy€e HOTO aMIUTITYAy B MOPIiBHSHHI i3 IIyMOM, KPiM CHTHAJIB, IO 3aBaXKAKOTh, 32 PaXyHOK
YOro MiJBUINYETHCS BiHOUIEHHS curHai/myMm. lle — noOpe Bimomuil mpukian ¢insrpa, mo
MPALIOE B YACTOTHIN 00J1acTi. SIKIIIO K CHUrHaN € HUPPOBUM KOJIOM, TO BiIHOIIEHHS CUTHAI/IIIYM
MO)KHA 30UTBIIUTH 32 JTOIMOMOTOI0 Y3TOJDKEHOTO 3 MM KOAOM (ifbTpa, IO IPAIfoe B YacOBIH
o0NacTi 1 HAa3MBAETHCS KOPEIIIHHMM (inbkrpoM. Y 3arajbHOMY BHNAAKy Taki (QLIETpH
JO3BOJISIIOTh BBOAWTH B Y3TO/KEHHH TpaHCBEepCcAIbHUN (IABTp NOBrUi KOA i Onep)KyBaTH
CTHCHYTHI BUXITHUH iMmydabc. OCKUTBKH €HEpris BXIIHOTO 1 BHXIJHOTO CHTHAYy OIHAKOBA,
aMIUTITyJa CTHCHYTOTO IMITylbCcy Oyle 3Ha4HO BHIIE, HiX y BXigHoro curHamy. [lym xe
MePEeNAEThCS 1HAKIIE, OCKUIBKH (IIBTP HE Y3TO/DKEHUH 3 HAM; 32 PaXyHOK LBOTO 301IBITYETHCS
BiJJHOIIICHHS CUTHAJI/IIIYM.

IHmmit TMN TpaHCBepcaJdbHOrO (QiNbTpa YCyBa€ CHOTBOPCHHS. SIKIO, HANpHKIA,
TEJIEBI3ifiHI CHUTHAJl MICTHTh y COOi mMapa3uTHi BiIOWTTS BiJ OyImiBeNlb, T€ MOXHA CTBOPUTH
3BOPOTHIH (inbTp 11 00epHEHHS IPOLECY IePEeKPYUyBaHHs i YCYHEHHS He0aXaHOro BiIOUTTS.
VY niniiHIA cucTemi QUIBTp, IO yCcyBae HeOaKaHi BIIOWTTS 3 BIJIOMOIO CHUTHAIy, TaKOTO, SIK
CHHXPOIMIYJILC TEJIEBI3IMHOTO CHrHaly, Oyle TaKoX ycyBaTh HeOakaHi BiJOOpakeHHS 3
HEB1JIOMOTO TeJeBi31iHOr0 curHaiy, o OyB MmiJiaHui aHAJIOrYHOMY CIIOTBOPEHHIO.

[[Iupoko BUKOPHCTOBYIOTHCS CHUTHAIM 3 BHYTPIIIHBOIMITYJIBCHOIO JTIIHIHHOK YaCTOTHOIO
Monymsuiero (JIUM-curnanu), ToOTO iMIynbcd MPUOIM3HO MOCTIHHOI aMILITyAM, 4acToTa
3aMOBHEHHS SIKUX 3MiHIOIOTHCA JIiHINHO B yaci y BU3HA4Hil yacToTHil cmysi [1, 4, 8, 10, 11]. s
TAKUX CHUTHAJIB MOYXHA CTBOPHTH Y3TOMKCHHH (UIBTp 31 CTUCHEHHSAM BHXIJIHOTO CHTHAITY
QHAJIOTIYHO TOMY, K OyJO ONMCaHWi BHUIIE U MUPPOBHX KoxiB. Takui (imsTp Moxe OyTn
BHKOPHCTaHUI Ui OCWIeHHs HeoOximHux JIUM-curHamiB Haja piBHEM IIyMmy, 301IBLIYIOYH,
TaKUM YHHOM, BiJHOLICHHS CUTHAJ/IITYM.

IIpuctpoi ctucuenns JIUM-immyneciB (pinstpu JIUM-iMmynsciB) MaioTh 1 Oiibid
3arajibHi 3acTocyBaHHs. Hampuknan, npu BBeleHHI B Takuiél QimbTp momynboBaHoro JIUM-
IMITyITbCy Ha HOTO BHXOMI YTBOPIOETHCS MUTTEBHH Dyp'e-00pa3 (pyHKmii Mogymamii. ¥ 383Ky 3
IIUM TaKi QinbIpH € nyxe eQeKTUBHUM iHCTPYMEHTOM sl BUKOHAHHS IepeTBopeHHs Dyp'e B
peansHOMY Yaci. Lle y cBoro 4epry mpu3BOIAMUTH A0 CTBOPEHHS IIMPOKOTO KIIAcy MPUCTPOIB, IO
MOXYTb BUKOHYBaTtu neperBopeHHs Dyp'e Juid pi3HUX TUMIB omepauiil ¢inbrparii, Takux, sK
BUKJIIOUCHHS HeOa)KaHUX YaCTOTHUX CKJIAZOBUX IPU 30epeKeHH] MOTPiOHUX KOMIIOHEHTIB.

OpHi€0 3 MPUYMH HIUPOKOTO BUKOpHCTaHHS JIUM-iMIyNbCiB y cHcTeMax JIOKalii €
MOXJIMBICTb OJIEP’KAHHS CUTHANIB BEJIUKOI TPUBAJOCTI 1 Tiel K eHeprii, mo H y KOPOTKUX
MOTY)KHHUX IMIYJILCIB. [HIIA PUYMHA TOJIATAE B TOMY, IO JOIJICPIBCHKUH 3CYB 3MIHIOE came
gacTory curHany. Lli 4acTOTHI 3MiHH, IO MOXYTh OyTH MHUTTEBO BHMIpsHI ¢irsrpom JIUM-
IMIyNIBCIB, BKa3yOTh MBHIKICTH i [1, 5, 10].

Be3yMoBHO, MPaKTUYHO HEMOXJIMBO NMPOCKTYBATH TaKi CKJIAIHI (DLIBTPH JIKMIIEe HA OCHOBI
CXeM i3 30Cepe/DKCHUMH eJIeMEHTAaMH, OCKUIBKH JUIS peaiiallil 0araroeeMeHTHHX CKJIQJHHUX
KOJIB JIOBEIEThCS BUKOPHCTOBYBATH BEJIMYE3HY KUIBKICTh ejeMeHTIiB. J[ns Takux QinbTpiB
HeoOXigHMIT OLTBII TPOCTMH METOX BHTOTOBIICHHS, IIEPEBAXINBO 3 BHKOPHCTaHHIM
¢oTomiTorpadigHOT METOANKHY, IO 3aCTOCOBYETHCS IIPU BUTOTOBJICHHI iHTErpambHUX cxeM. Taki
GbinbTpy, npuaaTHI 111 00pOOKHU SIK aHAJIOTOBHX, TaK 1 U(QPOBUX CUTHAIB, 3'SIBUJIKCS B OCTaHHI
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poku. CriouaTKy TpaHcBepcalibHI (BiJIBTPH IIBOTO THITY Oyiy peanizoBaHi y (GopMi MpUCTPOIB Ha
MIOBEPXHEBUX aKyCTHYHUX XBHJIAX, IO MPAMIOIOTH 3BHYANHO B Jiana3oHi 9actoT Big 10 Mro no
1T [1,3,4,5,7].

IToBepxHeBi aKyCTWYHI XBHJI IO3BOJIIOTH 3IIHCHUTH 3aIlaM'dTOBYBaHHS, 3aTPUMKY 1
CKJIQJHy TMapaieibHy OOpOOKy IIMPOKOCMYXXHMX CHTHAJIiB BeJMKOI TpHuBanocTi. BoHH
MpaLoTh Ha yacTotax 10 500 MTI'1, a micis BXKHMBaHHS crieliaibHUX 3axoiiB — ax a0 2 [T,
3abe3neuyroun mmpuHy cmyrd Bix 30 mo 40% ueHTpanbHOi YacToTH. BigmoBinmHa mIBHIKICTH
nepenadi iHdopmarii — MOpsIKy coTeHb MeradiT Ha ceKkyHOy. Jleski THUIM LUX MNPHCTPOiB
MOXXYTh 3allaM'ATOBYBaTHd CHUTHANM Ha Yac TOPSAKY CEKyHH; Ul MOBEPXHEBUX aKyCTHUHHX
XBHJIb HEBAXKO Peali3yBaTH 0araToBiABIHI JIIHII 3aTPUMKH.

BinnoBimHMM YMHOM MiOMparouu po3MILlIEHHS Ta BaroBi koe(ilieHTH BiJBOAIB, MOXKHA
KOHCTPYIOBATH MIUPOKOCMYXKHI Ta By3bKOCMYHI JIIHIT 3aTPUMKH, QUIBTPH, TUPPOBI GinbTpu it
aHajoroBi (UIBTPH, IO Mi3HAIOTh a00 TEHEPYIOTh crelianbHi curHaau. Ilicas momanbLIux
BIOCKOHAJIEHb MOJKJIMBE CTBOPEHHS MPOTPaMOBAHUX (IIBTPIB, XapaKTEPUCTHKU SIKHMX MOXKHA
3MIHIOBAaTH Ha BIACHHUH PO3CYI.

Binbmictes omepaniii  ¢yHKIiOHaNEHOT 00poOKM, BHKOHYBaHUX ITAX-mpucrposmy,
MOXYTh TaKOX BUKOHYBaTH IPUCTPOI HA KPEMHIi, ajie B YaCTOTHIN 00JIACTi, K MPaBUIIO, HUKYE
5 MI'n i3 BiANOBIHO OLNBIIOI0 YacOBOIO 3aTpUMKOI0. OCHOBHOIO IIEpeBarolo Iiei TeXHOIOTII €
Te, 10 MIBHJKICTh 3aITUCY 1 3UUTYBaHHS CUTHAJIB y IIUX MPHUCTPOSX MOKHA 3MIHIOBATH, TaK IO
3aJaHMil CHTHAT Ha BXOJi MOXHA PO3IIMPHUTH a00 CTUCHYTH Ha HOTO BHXOJI, 3YUTYIOUH HOTO 31
MIBHKICTIO, BIIMIHHOIO BiJ Ti€l, 3 SIKOIO BiH OyB 3aIlllCaHHN.

THOZI BUKOPHCTOBYIOTBCSI B3a€MOJIT MK JBOMA THUIIAMU BXiJHMX cUrHaiiB. Hampukian,
OCKIJTBKY OY/Ib-SIKWI1 HAIIBIPOBIAHUKOBHUI MPUCTPIi Moxke OyTH 3p00JIEeHO UyTIMBUM JIO CBITIA,
MOXXKHa CTBOPUTH CBIIOYYTIMBUI IPUCTPil, y SIKOMY CHTHaJ], IO BiINOBiJa€ pPO3MOIiIOBI
IHTEHCHBHOCTI CBITJIa Y3JOBK NPUCTPOIO, MOXHA 3YHTYBATH SIK OAWH PSAAOK ONTHYHOTO
300paxeHHs. [lpy  BHKOpPHCTaHHI B3a€MOAIH TMOBEPXHEBHX aKyCTHYHHX XBWIb 3
HaMiBIPOBIIHUKAMUA MOXXHa BHUKOHYBaTH  @Dyp'e-IEpETBOPEHHS 1 MPOBOJUTH  IHIIY
(yHKIIOHANTBHY 06pOOKY ONTHYHHUX 300paxeHs [10...12].

Heninilini B3aemonmii MiX JABOMa IIOBEpXHEBMMHU aKyCTW4YHUMU XBuiaamu B ITAX-
IIPUCTPOSIX MOYKHA BUKOPUCTOBYBATH Ul BUKOHAHHS TakWX olepauid o0poOKH B peaabHOMY
yaci, sik 3ropTka i oGuucieHHs QyHKIi kopensuii mux xBwib [5, 10...12]. TIpu upomy oauH i3
CHTHAJIIB MOXXC BHKOPHCTOBYBAaTHCS B SIKOCTI ONOpPHOTO, IIO JO3BOJsIE OOXomuTHcs 0Oe3
TpaHCBepcajdbHOTO (inbTpa 3 (IKCOBAHUMHU XapaKTCPUCTUKAMH. Y I[IbOMY BHIIQJIKY
TpaHCBEpPCANBHBIH (INETp i3 MOBIIBHO 3MIHIOBaHNMH IapaMeTpaMH MOXe OyTH JITKO
CTBOPEHHMH MPOCTOI0 3MIiHOIO ONOPHOTO KOAy. AHAJOTIYHUI NMPUCTPI MOXKHA peanizyBaTH 3
BHKOPHCTAHHSM JIBOX 0araToBiJIBIJHUX JIiHIA 3aTPUMKH, 3'€IHAHUX Pa3oM; MPH IIbOMY OJHA 3
JHIA Kepye BUXiJHAMH CHUTHaJaMH 3 BiIBOMIB JPYToi JiHIi, TaK IO CUTHAJH, MOJAaHI Ha BXil
HepILOi, € ONOPHUMH JUIS CUTHANIB, L0 IPOXOAATH 1O APYTil.

MoxHa TaKoX BHKOPHUCTOBYBATH B3a€EMOJII0 MK aKyCTHYHOIO XBHJICK 1 CBITJIOBUM
IIPOMEHEM JUISl BIIXUIICHHS. OCTAHHBOTO, OCKUIBKH aKyCTHYHA XBWIS (hOPMY€E aHAJOT ONTHYHOI
audpaxuiiiaoi pemitku [10, 11]. Taki MeToau K03BONMIM CTBOPUTH MPHUCTPOI, IO BUKOHYIOThH
®dyp'e-nepeTBOpeHHS i 0OUUCITIOITh (YHKIIIO KOpENAlii aKyCTHYHHMX CHTHaJiB abo OauH 3
OfHHMM, a00 i3 CHUTHAJIOM, BHUKOPHCTAHHM UL MOXYJALIi CBITIOBOro mydka. [IpuHium, mio
JISKUTH B OCHOBI IIUX HMPHUCTPOIB, MOXKE BUKOPHCTOBYBATUCS JUIS BiIXWICHHS IPOMEHS CBITiIa B
OararoaJpecHUX CUCTEMax 3B'13Ky ab0 B IPOCKIIHHNX TENEBI3IHHUX IIPACTPOSIX.

CroinbHUM Ui BCIX LUX NPUCTPOIB € HASBHICTH TPaHCBEPCAJBHOrO (iIbTpYy — JiHil
3aTPUMKH, Y SIKiH MOIIUPIOETHCS aKyCTUYHUN 200 eNEKTPUYHUN CHUTHAJ 1 B PI3HUX TOYKAX SKOT
3a0e3MeYy€eThCs eIeKTPHYHUM, ONTHYHHHA ab0 aKyCTHYHHH JOCTYN OO0 Iboro curHamy. Taki
TOYKH YTBOPSTH «BIABOAW» JiHII 3aTpUMKHU. [Ipu BUKOPUCTAaHHI AJIS 1i€i METH CBITIIOBOro abo
aKyCTHYHOTO ITydYKa PO3IOALT BiBOMIB MOXKHA BBaXaTH INIPAaKTUYHO Oe3mepepBHHUM. SIKIio X
BUKOPHCTOBYIOTHCS €IEKTPHYHI BiZIBOIM, TO JOCTYTI IO XBHII, IO ITOMIUPIOETHCS, € AUCKPETHAM.
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B o00o0x Bumnajakax, migOuparoud amInniTyaHi i (a3oBi BaroBi Koedil[ieHTH BiIBOIIB, MOXHA
3[IHCHIOBATH PI3HOMaHITHI (YyHKIIiOHAIIbHI TEPETBOPEHHS CUTHAIB.

Baxxnusy ponb npu 006po0Oui curHaniB y PJIC BigirparoTh npucTpoi 4acTOTHOI CeNeKIil
ma [1AX [9...12]. Boru BuKOpHCTOBYBaTHCs SK Juis (inbrpainii HeOakaHUX CHTHANIB, MO
HAJXOJATh y TPHUCTPIH, TaK 1 JUIs BUAUICHHS YaCTOTHHX CKJIQJIOBHX, SKi HEOOXiJHI mpu
cnekTpanbHoMy aHanizi curHaiiB PJIC. TunoBumu napamerpamu cMyroux ¢inbrpiB Ha TTAX,
III0 3aCTOCOBYIOTECS B TpakTax IpoMixkHoi gactotu PJIC mis mpunymmeHHs iHTepdepeHmifHmx
CKJIaZIOBUX, SIKi TIOBHHHI JIEXKaTH 11032 CMYTOI0, €: pobdouuii Aiana3oH yactot - Big 10 MI'n no 1,6
I'T; BTpary, o BHOCAThCS — 5...25 nb; npuayiieHHs napa3utHux curraiiBz — 60 nb (mo 100
nb); cmyra nponyckanus — 0...50%; mynbcanii no amrutityni - 0,5 nb; BinxunenHs ¢aszoBoi
XapaKTepUCTUKH Bifl JMiHilHOI - 1 rpan.

CriekTpaJbHUAN aHalli3 CUTHAJIIB — Ba)KJIMBA O0JIACTH 3aCTOCYBAaHHS MPUCTPOIB YaCTOTHOI
cenekuii Ha [TAX. TpaguuiiiHi npuiagy, 00 34iHCHIOIOTH CIEKTPAIILHUMA aHali3, YacTo HaJTO
rpoMi3ziki ¥ mopori. 3acTOCyBaHHS MiHIaTIOpHUX 1 jgemieBux mnpuctpoiB Ha [TAX y Takux
CHCTEMax BiIKPHBAE MOXIIMBOCTI, SKi MICTATh, HAIIPUKIAM, BHOIp CHTHAILy HEOOXiIHOI 4acTOTH
Ta BU3HAYEHHs JOMNIUIEPIBCHKUX 3CYBIB y pealbHOMY Maciitali uacy. bioku ¢insrpis Ha ITAX
BHUTOTOBJISIIOTHCS HA OJIHIN MiAKIAIMI 1 32a0€3MeuyoTh OJJHOYACHE PO3AUICHHS CUTHAJIB Y CMYy3i
OJM3BKO IEKLTBKOX Merarepll 3i CTOBiICOTKOBOKO IMOBIPHICTIO BUSIBIICHHSL.

Ipucrpoi Ha [MTAX 3HaWNLIM MIKMPOKE 3aCTOCYBaHHS Yy HIBHJIKOIIFOYMX CHCTEMaXx, JIie
YCIINIHO y3rOKYIOThCA 3 TPAAULIHHUME KOMIOHEHTAMH Ha p-i-n-miogax [10, 11]. LIsuakomis
takux HBU-mepeMukadiB focsirae 0JMHHIL MiKPOCEKYH/I, CTYIIIHb PO3B'I3KU CUTHAIIB y CTaHAaX
yBIMKHEeHHs-BUMKHEHHs Oinbie 100 nb. 3Haune 3actocyBanHs [TIAX QinerpiB y mOMHOXKYBadax
YacTOTH, 3MIIIYBAIGHUX TPHUCTPOSX U BUAUICHHS HEOOXIMHMX YacTOT 3 BUCOKUM CTYIICHEM
[IPUAYIIEHHS HeOa)KaHUX CUTHAIIB.

3Ha4yHa POJb YAaCTOTHO BHOIPKOBMM 1 YaCTOTHO 3aJaBajibHUM TpUCTposM Ha ITAX
BIJIBOJIMTHCS Y BUPIIICHHI IPOOJIEMHU CHHTE3Y CHUTHAIY 31 IIBHKOK JUCKPETHOO MepeOymI0BOI0
gyactotd. HalleekTBHINIE e 3aBIaHHSA BHpILICHE B NPUCTPOSX NMPSIMOTO CHHTE3Y, y SKHX
rpeOiHYacTUi CHEKTp, 10 YTBOPCHUH HIISXOM MaHIMYJAII 3 CHTHAJIOM OMOPHOTO TeHeparopa,
HaaxXoquTh Ha BXin Onoky ITAX-¢insrpis, a Ha Buxomi I[TAX-(uUIETpiB BHIUIAIOTECS OKpeMi
YHCTI CieKTpaibHi JiHil. L{i mpucTpoi npsMoro cMHTE3y BiIPI3HIIOTHCSA TAKUMH OCOOIMBOCTSIMHU:
cTaOIIBHICTh YACTOTH 1 (ha30Ba KOTEPEHTHICTh BU3HAYAIOTHCS OHUM 33/]aBAJIbHUM TC€HEPATOPOM,
3MIHU YaCTOTH 3IHCHIOIOTHCS JTyKe MBHUAKO (IIBUIKICTE 0OMEXY€EThCS TUIBKH MBHAKOAIEr0 BU-
MIEPEMHUKaYIB 1 3aTPUMKOIO (PUIBTPIB), METOJ MPSIMOTO CHHTE3Y 3 BUKOPHCTAHHSIM MPUCTPOIB Ha
IMAX BusABNA€THCA HAOAraTo MPOCTIMINM, HiXK HOIEPEIHI METOIM MPSIMOTO CHHTE3Y 33 PaXyHOK
3aCTOCYBaHHS BUCOKO BHOIpKOBUX, KOMIAkTHUX (inbTpiB Ha [TAX.

Bucokuit piBeHb NpHUIYNICHHS “TIapa3sUTHUX’ CUTHAJIB Yy TaKOMy CHHTe3aTopi
JOCATAEThCA 3a JOIOMOrol0 KackajgoBaHuX I[TAX-¢umsrpiB 3 BucokuM (He Menme 10 nb)
NPUAYLICHHSIM [103aCMYTOBHX CHTHANIB (AMCKPETHHX CKJIAQJOBUX Yy CIEKTpi CHUTHaly) i
NPUAHATHUM piBHEM BHeceHuX BTpar (Menmie 30 1b), BUKOHaHHUX Ha TEPMOCTAOITBHHUX
KBapIEBUX MiAKIaIKax.

Konu morpibHa BenMKa KiNbKiCTh poOOYMX 4YACTOT, 3aMIiCTh yKa3zaHOi 0a30BOi cxemu
JOLITBHO BUKOpUCTATH IHINWH miaxix. Tak, KOMOiIHYr4YM ‘“YUCTi” BHXIOHI CHTHAIU Bif
JEKIJIBKOX, CHELialbHO PO3PAaX0BaHUX, 0A30BUX MiJCUHTE3aTOPIB (KOrepeHTHHX 13 3a7aBalbHUM
TeHepaTopoM) 3a JOMOMOTOK 3MIllyBayiB 1 MPOCTHX IIMPOKOCMYKHUX (UIBTPIB, MOXKHA
ofepKaTH OyIb-fKy YacTOTy 3 BEJMKOI KUIBKOCTI (IEKIIBKOX COTEHb) YacTOT, IO 3HAYHO
NepeBUILLYIOTh KUIbKiCTh ITAX-(inbTpiB y nux migcuHTe3aTopax. IHIIA MOXIMBICTH NONATAE B
OTPUMaHHI MOTPIOHOI CITKM POOOYMX MICIH HUISXOM MOCIIZOBHOTO TMOMTY 1 3MIIIyBaHHS
HEBEJIMKOI KUTBKOCTI BUXIJJHUX KOT€PEHTHHX YacTOT Ha KOMyTOBaHHX Buxonax [TAX-dimsrpis.
Ili MeTomM MOXHA 3aCTOCOBYBAaTH B PI3HOMAHITHHX BapiaHTaX 1 MOEJHAHHSX, JTOOHUBAIOYHCH
ONTHMATBHHUX OIS KOHKPETHOTO 3aCTOCYBAHHS XapaKTePHCTHK.

AJIBTCpHATHBHHAI METOX OAEP)KAaHHS CHTHATIB 31 IIBUAKOIO IepeOyIOBOIO YaCTOTH
MOJISiTAa€ Yy BUKOPUCTAHHI 0araTroyacTOTHUX MNPOTPaMOBAHMX TI'€HEPATOPIB 3 KOMYTOBaHMMH
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yacToTHO3aarouuMu (insTpamu Ha ITAX y komi 3BopoTHOro 383Ky [3, 6, 9...11]. Y Takux

TeHeparopax 3a JOIMOMOTOI0 YIPABIIHHSA MOXHA TEPEXOAUTH BiJ OMHi€T 4acTOTH IO IHIIOIL.
THmmit migxin nonsrae B 3amiHi HaOopy ITAX-(inkTpiB y Ko 3BOPOTHOTO 3B'SI3KY

IHPOKOCMY>KHOI0 JI3 3 mporpamoBanumu cTpudkamu asu. Kpim mporo, mpu BBEICHHI 10 Koia
3BOPOTHOTO 3B'A3KY CIELIaJbHOIO HENIHIHOIO eneMeHTa 4 Ipu cuHxpoHizaumii ITAX-
reHeparopa 3 LIMPOKOCMYXHOIO JI3 30BHIIIHIM CHUTHAJIOM BHM3HAU€HOI YacTOTH MOXe OyTH
3a0e3reueHnii OaraTtoxomoBHil pexxuMm reHepamii. bararoxomosi I[TAX-reHepaTopn MOXYTbh
3aCTOCOBYBATHCh, HATIPUKIIAJ, U1 (JOPMYBAHHS CITKH YaCTOT Y CXeMi CHHTE3aTopa.

CrabinpHicTs yacToTH [TAX-reHeparopiB BH3HAYA€ThCS CTAOUIBHICTIO i JOOPOTHICTIO
yacToro3ajgatodoro ITAX-enemenrta B Kojii 3BOPOTHOIO 3B's3Ky. THIIOBI 3HaYeHHs CTaOUIBHOCTI
4acTOTU OIHOMOIOBHUX ITAX-reHeparopiB Taki: BiJHOCHa TemmeparypHa HecTabinbHicTs ~ 107
(B imTepBam Temmepatyp —60 mo +70°C), y pexumi curxponizanii no 10%; BimHOCHa TpuBama
HecTabutbHicTh 107 Ha Micsiip; KOpOTKOUACHA TPHMBaa HecTabltbHicTh YactoTi 107 ... 10" ( 3a
1 cex).

CrnexrpanbHi xapaktepuctuku [TAX-reHeparopa MokHa TmomimmuuTy (mpuommu3Ho Ha 10
1b) npu BukopucranHi [TAX-pe3oHaTopiB 1 CTPYKTYp 3 BiAOMBAIOUMMU PEILITKAMU JOOPOTHICTIO
omm3pko  10000. XapakTEepUCTHKM TaKUX TEHEPATOpPIiB HAOMMKAIOThCS JI0 XapaKTEPUCTHK
BHCOKOCTA0UTbHIX KBapLEBUX [CHEPATOPIB 3 KOJIOM IIOMHOXKYBa4iB; BOHH MAlOTh TaKH IIEPEBar,
SK MOXJIHMBICTh CTBOPEHHS TeHepartopiB Ha dYactoth ax a0 3 Irm Ge3 3acTocyBaHHS
ITOMHOXKYBauiB, Maji Ta0apuTHI pO3MipH, HU3bKa MOTY)XHICTh, IO CIOKUBAETHCS, MEXaHIYHA
MIIHICTh, BiJICYTHICTh MOOIYHMX MO, MPOCTOTA 3AIHCHEHHS YaCTOTHOI MOIYIAIII, ciadka
4y TIUBICTh 10 MEXaHIYHMX BILUIMBIB Ta aKyCTHYHHUX IIyMiB [3, 6, 9].

[epeBaru akyCTOENEKTPOHHUX MPUCTPOIB BiJKPUBAIOTH MEPCIEKTUBH IXHHOTO MINPOKOTO
BUKOPHCTAHHS HE JIMIIC B TPAKTaX MPOMDKHOI 4acTOTH, ane if Oe3nmocepefHbo y BXiTHHUX Ta
BHXIIHUX TpakTax HajasucokoyactotHOi (HBY) pamgioenekrponnoi anaparypu. Y HBU nianazoni
CHUTHAIM MOXYTh OyTH Oe3nocepeqHbO BBEICHI, 0OpoOIicHI ¥ BUBeIeHI 0€3 J0JaTKOBHX CXEM
HIEPETBOPCHHS YaCTOTH.

BuroroBnenns: [TAX-npuctpoiB ams pobotu B amianaszoni nmonax 1 I'Ti mos'szane 3
BiJJOMHMH TEXHOJIOTTYHUMH TpynHOImamu. OJIHAK, OCTaHHI JOCSITHEHHS eIeKTPOHHO-POMEHEBOT
mitorpadii, a TakoX PpO3MOBCIOPKEHHS MeToAiB Qotomitorpadii aias BHUIOTOBJICHHS
CyOMIKPOHHHX TMEPETBOPIOBAYIB €ICKTPOMATHITHUX CHTHAJIB J03BOJIAIOTH BIIEBHCHO TOBOPUTH
PO PO3LIMPEHHS BEpXHBOI Mexki pobouoro miamazony 4yactoT [TAX-npuctpoi mo 6...10 I'Tn
[11, 12, 16, 18, 19]. [Topy4 3 UM, He IPUMMHAECTHCA TOIIYK 1 HOCIIIKEHHS HOBUX MaTepiajiB —
SIK MOHOKPHCTAJIIB, TaK 1 KOMIO3UIIIHHIX CTPYKTYpP 3 BUCOKOIO IIBUJAKICTIO PO3MOBCIOIKEHHS
[MTAX Ta IHIIMMU KOPUCHUMH BIACTUBOCTSAMH. Jy’Ke MEPCHEKTHBHUMH B IIbOMY PO3YMiHHI €
IAPOBaHi CTPYKTYPH HIiTpHLY alOMiHiI0 Ta OKMCY LMHKY Ha candipi [16, 17].

OnHak, mojajblie MiABUIIEHHS PoO0Y0i YacTOTH MPUCTPOIB MOB'sI3aHE MepIl 3a BCe 3
BUKOPHCTAHHSAM NPHUNOBEpXHEBUX 00'eMHuX akycTyHux xBwib (ITOAX), a Takox BHIIUX
TapMOHIK 3yCTPIYHO-IITHPHOBUX MEPETBOPIOBAYIB. 3 II€0 METOI PO3POONIAIOTHCS OUIBII
TEXHOJIOT14HI Ta e()eKTHBHIIII KOHCTPYKLIi IepeTBOPIOBAYIB 3 KOMIIPOMICHUMH €JIE€KTPUUYHHMU
napamerpamu [13...16]. 3HauHi 3ycWIs CHOPAMOBYIOTbCS Ha MOCIHIKEHHS MOMIMBOCTEH
MIO€THAHHS BKa3aHUX BHIIE METO/IIB.

Tak, mepexin no 3actocyBaHHs [IOAX y mnoegHaHHI 3 e€JNEKTPOHHO-IIPOMEHEBOIO
nitorpadi€ero Ta MaTepiajlaMH 3 BUCOKMM 3HAYCHHSIM IIBHIKOCTI aKyCTUYHHUX XBHJIb JO3BOJHTH
MiJBUIIMTH poO0Yy YacToTy mpucTpoiB g0 4,0 [T, a Takox MiABUINUTE iXHIO JJOBrOBIYHICTh Ta
MOJIIMIIUTG PoO0Yil XapaKTepuCTHKU. [lofanbie po3mupeHHs QYHKI[IOHATBHUX MOMXITUBOCTEH
AKyCTOEJICKTPOHIKU TMOB'sI3aHe 3 OUIBII MONIUOJCHUM BUBUCHHSM aKyCTOCJICKTPOHHUX SIBHII Y
HAITiBITPOBITHUKOBUX MaTepiajax Ta NIAPOBAHUX CTPYKTypaX. [IpomoBXKyeThCsl BUBYCHHS Ta
po3po0Kka HOBHX MPUCTPOIB MiJCUICHHS Ta reHepallii aKyCTUYHUX Ta eIEKTPOMArHiTHUX XBHUJIb.
HactymHuM KpoKoM JI0 TOBHOT pearti3amii MOXKIIMBOCTE BUKOPHCTAHHS aKyCTHYHUX XBHJIb Ma€
CTaTd CTBOPCHHS MOHOJITHUX TMPHUCTPOIB, y SAKUX OyayTh 00'€ZHAHI BIACTUBOCTI
'€30€JICKTPUYHUX MaTepialliB JUIs MEPETBOPEHHSI aKyCTHYHHUX XBHJIb, MaTepialliB 3 HU3bKUMH
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BTpaTaMH JJIsi aKyCTUYHHUX JIIHIN Mepe/iadi Ta 3aTPUMKH i HamiBIPOBITHUKOBUX MaTepialiB 1jis
MIICHICHHS aKyCTHYHHX Ta CJIEKTPUYHHMX CHTHANIB. Peamizamis momiOHMX KOMIO3HMIIH Mae
IIPU3BECTU HE TUIBKH JO ONTHUMi3alii XapaKTepHUCTHK TUCKPETHUX aKyCTUUHHUX IIPUCTPOIB, ajie i
70 3a0e31edeHHs IXHbOI y3TODKEHHOCTI 3 PI3HOMAaHITHUMH BEIHKUMH iHTETPaTbHUMHU CXEMaMH
Ta, y KIHIEBOMY paxyHKy, JI0 CTBOPCHHS HOBOTO IIOKOJIIHHS TPHUCTPOIB — MOHOIITHHUX
iHTerpanbHUX aKyCTOENEKTPOHHMX cxeM [16]. TlpakTuunuii iHTepec MaloTh oOjepXaHi
pe3ynbTaTté 1o 30yKEHHIO Ta KepyBaHHIO Tapamerpamu [TAX Ha emiTakciabHOMY apceHifi
raJlito 3 BUCOKOIO KOHIEHTPALi€0 HOCIIB 3apsity.

BaxMBor0 BiXOI0 Ha MUISXY IIUPOKOTO BIPOBapKeHHS TexHIKU [TAX y pamioerneKTpoHHi
CHCTEMH pI3HOMAHITHOTO TPH3HAYCHHS € pPO3po0Ka IMEepPeHACTPOIOBAHUX Ta IPOrPaMOBaHUX
IMAX-npuctpois: JI3, ¢inbTpiB, OaratoBiaBiguux JI3, y3romkeHux OUIBTPiB U1 0OpoOKU
CMTHAITB 31 3MiHHUMH KojaMu Tomio [1...12].

IlepemukanHs (a3d BHKOHYETHCS 3a JONOMOror0 BY-mepemukadiB 3 IOAANBIINM
IHTETpYBaHHSAM BUXITHMX curHaiiB. L[ikaBUM € 3acTocyBaHHs A 1€l MeTH MaTepiaiiB 3
KepOBAHOIO MIBUAKICTIO po3moBCcromkeHHs [TAX. Taki mpuctpoi MOXyTe OyTH BHKOHaHI II0
riOpuaHiil a00 MOHONITHIH TEXHOJOrIT Ta 3HAHAYTh MUpPOKe 3acTocyBaHHA B cucrteMax PJIC Ta
CHCTEMaX 3 PO3IIUPEHUM CHEKTPOM.

IInpoke 3acToCyBaHHS aKyCTOEIEKTPOHHHUX IIPHCTPOIB, Oe3lepepBHE PO3IIMPEHHS Ta
VIOCKOHAJICHHS iXHIX (YHKI[IOHAILHUX MOJMJIMBOCTEH Ja€ 3HAYHUN TEXHIKO-€KOHOMIYHHH
e(eKT, OCHOBHIMHU NOKAa3HMKAMH SIKOTO €: ITiIBUIIEHHS] TOYHOCTI BU3HAUSHHS BiJCTaHi (BHCOTH)
pamionmokamiifHuMi  3acobamm B 5...10 pa3iB 3a paxyHOK CTaOUIBHOCTI IMIBHIKOCTI
PO3IMOBCIO/PKEHHS aKyCTUYHUX KOJMBAHb Y KpUCTaNAX; 3HIDKCHHS TabapuTHUX PO3MIpiB Ta Macu
amapaTypu B JECATKH pa3iB 3a paxyHOK Hmk4oi (y 50..100 tuc. pa3iB) y MOpiBHSHHI 3
SJICKTPOMArHITHUMH XBHJISIMH, IIBUAKOCTI PO3MOBCIOIUKCHHS aKyCTUYHHMX XBWIIb y TBEPIOMY
TiMi; MIBUIICHHSA HAAIMHOCTI Ta  e(PEKTHBHOCTI pPOOOYOTO  3aCTOCYBAaHHS  CHCTEM
palioCICKTPOHHOTO OCHAIICHHS 3@ pPaxXyHOK MOXJIMBOCTI 3JIHCHEHHS HENEPEPBHOIO
BOYZIOBAaHOTO KOHTPOJIIO TOYHOCTI POOOTH pajiojoKalifHUX 3ac00iB; CYTTE€BE 3HIDKEHHS 4acy
TOTOBHOCTI CHCTEM; 3HIDKEHHS METAJIOEMHOCTI BUPOOIB; PO3IIUPEHHS PHHKY 30yTYy MPHUCTPOIB.

Onsiero 3 nepesar I[TAX-pucTpoiB € Te, 10 BOHN BHTOTOBJIIOTHCS IIUITXOM HAHECCHHS
TOHKHMX METAJICBHX IUIIBOK Ha IT'€30CJCKTPUYHY IMiAKIAAKY 3TiJHO TEXHOJOTil BHUTOTOBICHHS
iHTerpaibHUX cxeM. Lle BigKpHUBa€e MOXKITUBICTh KOHCTPYIOBAHHS IPUCTPOIB, 10 HE MOTPeOYyIOThH
HACTPOIOBAHHS, HEOOX1THOTO JUIsl 1HXYKTHBHO-€MHICHUX (DLIBTPIB.

Haneceni Ha n'€30eNeKTpUYHY MIAKIAIKYy TOHKI METalieBl IUIACTHHKH YTBOPIOKOTh
CTPYKTYpY 3yCTPIYHO-IITHPHOBOTO IepeTBoproBada (puc.l.l), mpusHaueHOro M 30yMKEHHS
HIOBEPXHEBOI aKyCTUYHOT XBHJI.

Iei#t meperBoproBau 30y/1Ky€e MOBEPXHEBY aKyCTHYHY XBMJIIO, MOJIE SIKOi €KCTIOHEHIIHHO
Ccra iae 3 IMOUHOIO 3paska, TPHYOMy ITMOMHA TTPOHUKHEHHS — TIOPSIKY JOBKUHU XBUTI [3...5,
9]. Ha gactoti 40 MI'l Ip1 MIBUAKOCTI HOIIMPEHHS TPUOIN3HO 3 KM/C, IIMOMHA TIPOHUKHEHHS
XBWII — TmopsSAKy 75 MkM. EnekTpomu, 10 4epryroThCs, 3YCTPIYHO-IITHPHOBOTO
[epPeTBOPIOBaYa MMiJKIIOYAIOTHCS 10 JBOX EJIEKTPUYHUX HIMH (BXigHa 1 BuXimHa uiHii). Sk
IpaBUIIO, IIepiof 3ycTpidHO-IITHPOBOro neperoproBaya (3LIII) (BixcTanp Mixk LIeHTpaMu napu
€JIEKTPO/IiB) MPHOJIM3HO JOPIBHIOE ONHIN MOBXKHMHI XBUJIi; HANIPUKIIAM, Y TeICBi3iHOMY (QiIbTpi
npomibkHoi yactotu (ITH) 40 MI'n nepion 3ILII nopiBHioe 75 MkMm. Tunosa mupuHa e1eKTpoa
— MOPSIKY YBEPTi JOBKHHU XBHJI, TOOTO B TaHOMY BHMAIKy 20 MKM.

ITpuctpoi Takoro TUILy MOXKYTb OyTH BUIOTOBIEHI 3 Oy[b-SKOIO 33[aHOI0 aMILIITYIHOIO 1
(a30BOI0 XapaKTEPUCTHKOIO B MOTPiOHiH CMy3i 4acTOT. IX MoXHA CKOHCTPYIOBATH i3 3aJaHMM
BII'YKOM 1 HaBiTh i3 BIITYKOM Ha CHeliajbHi aHaloroBi abo 1udposi komu. Taki mpuctpoi
MOXYTh TpalfoBatd B pianmasoHi dactot Big 10 MI'm mo 2 I'Tu. Yacosmit Bimryx ITAX-
[IEPETBOPIOBAaYA HEBAKKO PO3paxyBaTH Ha OCHOBI MPOCTUX I'€OMETPUYHUX MipKyBaHb. SIKIIO
BiJTOMUIT 4acOBHUIT BIATYK, 32 JOIIOMOTOI0 METO/IB IepeTBOpeHHs Dyp'e Ierko 3HAWTH YaCTOTHUH
BIATYK ¢imbTpa. Y Takwil CIocid MOXHA JOCHUTH IIPOCTO CTBOPHTH TPAaHCBEpCATbHUN (QLIBTp i3
3aJ]aHOI0 YACTOTHOIO XapaKTePUCTHKOIO.
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Xapaktepuctukud npuctpoiB Ha [IAX CHIBHO 3alie)aTh Bil KOHCTPYKTHBHHX
0COOHUBOCTEH 3yCTPIYHO-IITHPOBUX ITepeTBOpIoBadiB. OTHOPIAHU MIEPETBOPIOBAY 3 TOCTIHHOIO
JOBKMHOK) EJICKTPOAIB 1 OJIHAKOBOK BIJICTAHHIO MK TMapaMu EJICKTPOJIB HAa3UBaEThCS
eKBiuCTaHTHUM. [IpUImycTUMO, IO MIMPHHA EIEKTPoJa AyKe Malla MOPIBHAHHIO 3 JTOBXKHHOIO

xBuIi. Y [2...5] moka3aHo, 10 3a TAKKX MipKyBaHb
Crnananns xapakrepuctuku Ha 3,0 1b BinOyBaetncs B Toukax Am(31b)/w=0,89/n.
OueBUIHO, IO SKIIO MEBHAM YMHOM 3MIHHWTH JIOBKHHU €IEKTPOIIB 1 BIICTaHb MiX

HHUMH, TO MOXKHa OfepKaTH Oymb-siKy (OpMy BIATYKY IepeTBoproBauya. Taka 3MiHA JOBXKHHH
€JICKTPOJIIB Ha3MBAEThCA anou3aiiiero. Hanpukian, npyu oHAKOBIH BiJICTaHI MiX €JIEKTPOAaMH,
SIKIIO TXHS JOBXKHHA 3MIHIOETHCS MIPOMOPIIHHO |(sin x)/x|, @ MOIAPHICTD EJICKTPOAA 3aJICKHUTD Bij
3HaKy QyHKUIT (sin Xx)/x, TO NOBHUU 3apsn Ha elekTpoii Oyme 3MiHIOBatucs sik (sin x)/x.
BuximauMm curranoMm meperBopioBada Oyme Dyp'e-o0pa3 curHamy 30yIKEHHS ENEKTPOIIB,
YHACIIIJIOK 9OTO YaCTOTHA XapaKTepHCTHKa Oyne NpsMOKyTHOI0. CKIIaaHICTh, 3BHYANHO, TOJISTae
B TOMY, II0 TEOPETHYHO JOBXKMHA IEPETBOPIOBaYa MOBUHHA OyTH HecKiHYeHHOI0. binmbm Toro,
9uM OIIDKYE eIeKTPOIH J0 Kparo MepeTBOPIOBada, THM MEHINY JOBKHHY BOHHU ITOBHHHI MarTH;
[P LIbOMY OCHOBHUMH CTAIOTh IIPOLECH AU(PAKLiT aKyCTUUHOT XBHJIL.

Haii0inbim OuYeBHAHUM, HA TMEPIINUH MO, METOIOM amoju3alii € 30BHIIIHE
3Ba)KyBaHHA. 3a JOIIOMOTOI0 30BHIIIHIX IIYHTIB (PE3NCTHBHHX a00 €MHICHHX) MDK IlapaMu
CYCIZHIX €JEeKTPOAIB 3aJal0ThCsl Pi3HMLI IOTEHILiaNiB, NPOHNOPLIAHO aMILTITYAi BiANOBIZHOTO
€JIEMEHTY IMITyJIbCHOTO BIATYKY. IHTEHCHBHICTh €JICKTPUYHOTO MOJISt MK OYyb-SIKMMH CYCiTHIMH
MpOTH(ASHUMHU EJEKTPOJIaMH BU3HAYAETHCS JIMIIE PI3HULEK IXHIX MOTEHIaiB, OCKIIBKH
areprypa TNEpeKpUTTS BCiX EJNEeKTPOAiB MocTiiHa. TakuMm YHHOM, iHQOpMAIlis TPO 3aKOH
MOIYJIALIT “3amicaHa” B iIHTEHCHMBHOCTI a00 IIITBHOCTI aKyCTHYHOTO MOTOKY. Y I[bOMY BHIIAAKY
BUXITHUI NIEPEeTBOPIOBAaY MOXKe MaTH JIOBUIBHY anepTypy. HesanexxHo BiX amepTypH CHTHalI Ha
BHUXOJIi Oyle BiANOBIAATH IMIYJIILCHOMY BIJITYKY BXiJHOTO IEPETBOPIOBaYa (BPaxOBYIOYU BIUIKB
KiHIIeBOT CMYTH MPOITyCKaHHs BUXiJHOTO). L[5 BaxkJIMBa BIACTHBICTH 30BHIITHHOTO 3BaXKyBaHHSI
JO3BOJIIE TIOEHYBaTH B CHUIBHOMY aKyCTHYHOMY TMIOTOIIl OJpa3y [iBa aroJu30BaHi
MIEPETBOPIOBAYi, 3HAUYHO 301JIBIIYIOYM MPUTHIYEHHS CUTHATIB 1032 CMYTOI0 MpomyckanHs [1, 3,
6,8,9...12].

Y mertoni 6e3mocepeHbOT0 3BaKYBAHHS 3IMCHIOETHCS 3MiHA NEPEKPUTTS (JOBXKHUHH)
eNIEeKTPOAIB y BIIIIOBITHOCTI 3 3aJJaHOI0 IMITYJIECHOIO XapaKTePUCTHKOK. Lle# Bua 3BakyBaHHS
MOXKE PO3IISAATUCS SIK aMILTITYTHO-IMITYJIbCHa MOJYJIALisl cUTHaTY. [lepeBaroto mporo MeToay €
BHCOKAa pO3/UJIbHA 3/aTHICTh, OCKUIBKM 3Ba)XKyBaHHSI MOXKe BifOyBaTHcs Oe3lepepBHO B
[IMPOKOMY JIiara3oHi.

Binomo, mo s ogHopigsoro 3T aMIDTiTYJHO-4aCTOTHA XapaKTEPUCTHKA MA€ BHUIISLA
Sinx/x [1, 3, 6, 8,9...12] i piBeHb O1YHMX HETIOCTKIB IyXe BUCOKHUiT: —13,46 nb. Onnak, yxe s
¢binpTpa, MO cKIagaeTbes 3 OBOX ogHakoBux oxHopinmHux 3LIII, piBeHb OiYHHMX NENIOCTKIB
cnajae 10 —27 ab, 1110 € HAaCHiAKOM 3I1a1XKyBaHHS IMITYJIbCHOT XapaKTepUCTUKH 10 kpaiB. Takuit
pe3yNbTar Mifka3ye MUIAX 3HKCHHS O1YHHX MENMOCTKIB y ¢QinbTpax Ha [TAX — 3riamKyBaHHS
IMITy/IbCHOI XapaKTepUCTUKH (iIbTpa 10 KpaiB, TOOTO MHOMKEHHS 11 Ha AesKy CIajaiody 10 KpaiB
¢GyHKIIO, IO 3Baxye, Ha3BaHy (YHKIIEH amogu3alii YW anomu3amis IMIYJIbCHOI
XapakTepUCTHKH. Llelff MeTox IIMPOKO 3aCTOCOBYEThCS B Teopil mmdppoBux (insrpiB. JlocuTh
4acTo po3poOIsEThCs QUIBTP TUIY «KOCHHYC Ha M'€AeCTali», U SKOTo (QYHKIIO armoau3arii
OepyTh y Bursini QyHkuii Xemminra [1, 4, 8, 10]. Kpim amogusanii 3a XeMMiHroM, MOKHA
BUKOPHCTOBYBaTH i amommsamito Yebmmesa, Kaifzepa, Sinx/x Ta iH., IO JO3BOJSIOTH
BUKOHYBaTtu cuHTe3 (QinbTpiB Ha [IAX 3 xapakTepuUCTHKaMH, L0 3aI0BOJIBHSIIOTH BUMOTaM
Cy4acHOI paJlioeNeKTPOHHOI araparypH.

OnHi€I0 3 TONOBHHX MpPOOJEM, BIACTUBHX METONY 3BaKyBaHHS 3MIHOI JOBXHHHU
€JICKTPO/IiB, € TOYHE BiATBOPEHHS MaJIMX aMILIITYH, [0 BUMAraeThCs U1 peai3alis 3aTyXxaHHs B
cMy3i 3aropomkenHs monan 50...60 n0. Ile oOMexeHHs MOB'SI3aHO 3 Ji€t0 epeKTy TUPpaKiiii
nyuka I[TAX Big manux anepryp. CHOTBOpeHHS X aMILIiTyaHoro i ¢aszosoro ¢ponris ITIAX B
anmoguzoBanoMy 3LUIT mpakTHYHO BUKIIOYAIOTH MOMKJIMBICTH BHKOPHCTAHHS IBOX IOMIOHHX
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3MIIT B omHOMY (BifBTpi 3 METOK MEPEMHOKEHHs IXHIX (YHKIINA Tepenadi Ta mocialbieHHs
BUMOT JIJIsI BXITHOTO NEPETBOPIOBaYa. YCYHYTH IF0 IPOOIEeMy I03BOJISIE BUKOPUCTAHHS 1HIIIOTO
3MIIT i3 nopiBHSIHO IUIOCKUM  (poHTOM BunpomiHooBaHux [IAX. BigOurrs Big
OaraToeNeKTpoqHOl CTPYKTypH MOXKHA 3MEHIIHNTH, 3acToCyBaBImHM cTpykrypm 3ILIIT 3
PO3ILITUICHUMH €JIEKTPOJIaMH, 3 3JIaMOM €JIEKTPO/IiB 11032 30HOI0 MEPEKPUTTS a00 CEKI[IOHOBaHi
3MIIT 3 nepioAXMYHUM MPOPIIKYBAHHAM €JIEKTPO/IIB. 3 METOI 3MEHIICHHS BTPAT, 00YMOBIICHHX
JIBOHATIpaBIeHICTIO BunpoMiHeHHs [TAX, BuKopHcTOByroTh omHOHampasieni 3IIII, omma 3
IIOJIOBHH SIKOTO 3Mill[eHa Ha MOJIOBUHY JOBKUHU XBUII 1 € BigOuBaueM Juis obepHeHoi [TAX.

3HaYHO PO3IIMPUTH CMYTy TPOMYCKAHHS B TOPIBHAHHI 3 ekBigucranTHUMHU 3IIIT
MOXXJIMBO IMUIIXOM 3BaKYBaHHS IIPOCTOPOBOTO IEPIOAY ENEKTPOMIB Y3JOBXK YH BIIONEPEK
HanpsMKy nomupeHHs ITAX. 3BaxyBaHHS @pu BUOIPKOBOMY BHIIYYEHHI €JIEKTPOJiB
3MIIACHIOETHCS 3aBASKH [IEPEPO3MOAUTY 3apsIiB MK €JICKTPOJaMH, 1[0 BUHHUKIO TPH ILOMY.
Merton aHanoriunuii KomOiHaIil YacOBO-IMIIYJbCHOI Ta INUPOTHO-IMIYJbCHOI MOMYJIALIT
curHaiy. 3acTOCyBaHHs THUX uM iHIMX KoHCTpykuii 3ILIT 3 pi3HMMH MeToAaMu 3BaKyBaHHS
BU3HAYA€THCS KOJIOM BUMOT 110 apaMeTpiB mpuctpois Ha [TAX.

B Tabmuui Ne 1.1 mpuBeIeHO OCHOBHI XapaKTEPUCTUKU AESKUX TEIEeBI31MHUX QLIBTPIB HA
MTOBEPXHEBUX aKyCTHYHHX XBHJISIX, [0 BUPOOIAIOTHCS CEPiHHO.

Taomuus Ne 1.1
MapameTpu TeseBiziiinux ¢inbrTpiB Ha ITAX
BuchHnoBkH

Jana xmacudikaris Ta HOpIBHANIPHA XapaKTePHCTHKa (DYHKIIOHAIBHUX MPUCTPOIB Ha
[MTAX. OyHKIIOHAJIBHI MOXIJIMBOCTI aKyCTOEJIEKTPOHHUX MPUCTPOIB 3HAYHO PO3IIMPHUIINCH 3
MePEX0JIOM BiJI MMPOCTUX MPWIAAiB Ha 00’€MHHUX aKyCTHYHHX XBHIISIX O 3HAYHO CKIJIAIHIIINX
MPUCTPOIB HA IOBEPXHEBUX aKyCTHYHHMX XBWJISX, SIKi 3HAXOIATh LIMPOKE BUKOPHCTAHHS IS
rerepaiiii ¥ 0OpOOKH BHCOKOYACTOTHHUX CHTHAIIIB B EJICKTPOHHHX CHCTEMaX Pi3HOMAaHITHOTO
MIPU3HAYCHHSI.

Benukuii iHTEpec [0 NPUCTPOIB Ha IMOBEPXHEBUX AKYyCTHYHHX XBHISAX 3yMOBICHO
BiJIOMAMH OCOOJMBOCTSIMH TIEpETBOPEHHS i po3noBcromkeHHs [TAX, a Takoxk ycrnixamu (oto-
Ta eJICKTPOHHO-IIPOMEHEBOT JTiTorpadii.

OyukiionaneHi npuctpoi Ha I[TAX B TenepiniHid 4Yac MPeICTaBICHI IIHPOKOIO
HOMEHKJIATYPOIO MPHUCTPOIB: BY3bKOCMYTOBUMH (DUTBTpaMH, JIiHIIMH 3aTPUMKH, KOMYTYIOUHMH
IPUCTPOsIMU, pe3oHaTopamu Ha ITAX, nucnepciiinumu ¢insrpamu ctucHeHHs JIUM-curnany,
MPUCTPOSIMU 3allaM’ITOByBaHHs, reHeparopamu Ha [IAX Torro.

2. CUHTE3 ®UJIbTPIB HA MOBEPXHEBUX AKYCTUYHUX XBUNAX
2.1. CTpykTypa i ocHOBHi XapakTepucTHKH (inbTpiB
HA MOBEPXHEBHX aKYCTHYHUX XBUJIAX

Ha m'e3oemeKTpHuHIi MiIIOXKII PO3MIIIEHO ABA 3yCTPIYHO-IITHPOBHX IEPETBOPIOBAUi
(3LLIT) moBepXHEBUX aKyCTUYHHMX XBWJIb, OIUH 13 SIKUX — BXiJZHHUH NEPETBOPIOE 3a PaxyHOK
’e30e)eKTy MPUKIANCHUN elNeKTpuuHuil curHan y ITAX, a apyruit — BUXITHHHA 3IiHCHIOE
3BopoTHE nepeTBopeHHs (puc. 2.1) . Ha Buxignuii 3111, mo mMae N; eIeKTpOAiB, BiJ BXiJHOTO
3MIIT vagxomuth akyctuuHui curHan s(f). [lpu npoxomkenHi [TAX mix i-M eJeKTpoaoM Ha
eNiekTponi depe3 m'e3oeheKT HABOAUTHCS 3apsaa ¢; (¢), mpomopiiauii s(f). Ha mumHax, mo
3'ennytots enextponu 3IIII, HaBeneHi 3apsau MiACyMOBYIOTHCS 1 €IEKTPUYHUI CUTHAI Ha
Buxingnomy 3T mae Burmsia:

ne sif) — CHUrHaN, NPUAHATHH I-M eNeKTpoaoM; A — Koe(illieHT, M0 3aJeKHUTh BiX
Marepiaty MmiaKJIaaKi, TeOMETpil elNeKTPOAiB, CIOCO0y 3'€IHAHHS EIEKTPOIB i3 IIHMHOO i iH.
Puc. 2.1. Ctpykrypa dinbrpa Ha [1AX

Buxiguuii curran (2.1) BUHHKae B pe3yNbTarTi JiHIHHOI KOMOiHAIi BXIIHOTO CHTHAIY,
y35TOrO B Pi3HI MOMEHTH 4acy 1 3 pi3HUMH BaroBuMu koediieHramu A;, To0to 3 (2.1) BuaHO, 1110
31T 3xmiticHIoe mH(pPOBY (inbTpario.

Teopis 1udpoBoi ¢inprpariii B Hall 4ac po3podiieHa T0CUTh JOKIAIHO i MH 0OMEXUMOCS
BHKJIQJIOM CTOCOBHO 10 (inbTpiB Ha [TAX OCHOBHHMX NHTaHb, 3HAHHS SIKMX HEOOXIAHO NpHU
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npoekTyBaHHi QinbTpiB Ha [TAX.

IMmyJabcHA XapakTepucTHKA cMyrosoro ¢insrpa ma ITAX. Skmo Ha Bximamit 31HI1
¢inerpa (Puc. 2.1) nmogatu J-iMITynbC €JIEKTPUYHOI HANPYTH, TO BiJ BXIHOTO 3yCTPI4HO-
IITUPOBOTO MEPETBOPIOBaYa OyAyTh MOLIMPIOBATHCS MOBEPXHEBI 30yIKYBaHHS, CTPYKTypa SIKUX
BU3HAYA€ETHCS cTPyKTyporo BXigHoro 3T, 30ymkeHHs, 110 NommproThes 10 Buxinnoro 31T,
Ma€ BUIIILL:

ne N;— KUIbKICTh €NEKTPOIIB BXiJHOTO IEepPeTBOpIOBauda; A;;— «Barm» eIEKTPOIiB
BxigHoro 311, 0OymMoOBIEHI KOHCTPYKIIE MTepeTBOpIoBaya (y HaMMPOCTIIIOMY BHIAIKy BOHU
MPOMOPIIiKHI JTOBKUHI MEPEKPUTTS EICKTPOIIB); X; — KOOPJHMHATH TOYOK MAaKCHMAJIbHOTO
30ymkenHs [TAX; v - mBuakicts [TAX.

VY moneni §-mxepen TOYKH X; PO3TAalllOBaHi Ha KpasX €JIEeKTPOMdiB — IO IBi TOYKH Ha
KOXHHH. J[J11 IPOCTOTH YacTO BUKOPHCTOBYIOTh MOJEIb OHI€ET 3-PYHKIIIT, Y SKiit 1Bi cyciaHi o-
(GyHKLUIT 3aMIHSIOTH OJHI€0. Y BUNAIKY MiJKIAJ0K, Ha AKUX I1'€30€(DEeKT BUKIMKAE HOPMAJIbHI
JI0 TIOBEpXHi MeXaHIuHi HapyTHu, HanpuKiaan Ha Y Z-3pi3y HioOat nitio LiNbOs3, moeanyoTh qBi
S-(yHKIIIi, 110 CTAaBIATHCS A0 OTHOTO €JIEKTPOJIa, 1 TOUKA X; BIAMOBIa€ CEPEIHHI i-TO eJIeKTpoIa.
VY BUNaAKY MiJKIAI0K, Ha SIKUX 11"€30€(eKT BUKIMKAE JOTUYHI MEXaHIYHI HAIPYTH, HAIPUKIIA]]
Ha kBapui ST-3pi3y, MOEAHYIOTh JBi O-(QYHKIIi, IO CTaBIATHCA IO OJHOTO 3a30py Mix
eNIEeKTPOAAMH, 1 TOUKA X; BIIIOBITAE CEPEANHI 3a30py MiX i-M 1 (i + 1)-M eeKTpoIoM.

IIpu npoxomxenni 30ymxenns (2.2) mixg Buxigaum 3LIIT 3a paxyHok m’e3o0edekTy Ha
EJIEKTPOIaX HABOIATHCS 3apsimy ¢;. MOXKHa BBaXKaTH, IO 3apsIy BUHHKAIOTH Y MOMEHTH 4acy,
10 BiMOBIAAIOTH MPOXOHKEHHIO IMITYJIbCIB TIOBEPXHEBOT HAIIPYTH i/l TOYKAMH MAaKCHMAJIbHOTO
30ymkenHs [TAX. Orxe, cCHTHaJl Ha BUXiTHOMY MIEPETBOPIOBAYI MOYKHA 3aITUCATH Y BUIIISIL:

ne hy (f) BU3HAYa€eThCs CIiBBiHOIICHHIM (2.2).

SIKIo KpOK pO3MILICHHSI €JEeKTPOAiB d BXIJIHOrO i BHXIJHOTO IEPETBOPIOBaYiB

OJTHAKOBHH, TO BUXITHUN CUTHAJ CKJIAAA€ThCs 3 Ni+N,-1 IMIynbCiB

SKI CIIYIOYMX OJMH 32 OJHHUM 4epe3 iHTepBaIN Jacy T=dlv

AmMrutitTyna i-ro iMIyiibCy € 3BajK€Ha CyMa IMITYJBCIB BXiJIHOTO CHT'HAITY, IO BILTUBAE y
LIell MOMEHT Ha BUXIJHHUH TIEPETBOPIOBAY:

PiBusnHS (2.2), M0 npeacTaBisie coboro peakuito BXigHoro I Ha §-imimynbc, onucye
IMIIYJIbCHY XapaKTE€PUCTUKY BXiJHOTO IEPETBOPIOBava. IMIyIbCHA XapaKTePUCTHKA BUXiTHOTO
3IIIT mae aHaJOTiYHWE BUDIAL [IWB. CIIBMHOKHHUK Yy KBagpaTHUX Iyxkax B (2.3)], a
IMIYIbCHUM BIATYK YChOro (inkrpa € 3ropTKa IMIYIbCHUX XapaKTEPUCTUK BXimHoOro M
Buxignoro 3IIIT.

SIKmo iMIyJabCHA XapaKTEPUCTHUKA OJHOTO 3 MEepeTBOPIOBAYIB, HANPUKIAJ BXIiITHOTO,
Jly’Ke KOPOTKOYacHa W Moxke OyTH mpejcTaBiicHa onHiel d-pyrkuiero: A(t)=0(t), To iMmyabcHa
XapaKTepUCTHKAa BChOrO (iNbTpa 30Ira€TbCs 3 IMIYJIBCHOI XapaKTEPUCTUKOI JIPYroro
nepeTBoploBaYa:

YacrorHa xapaktepuctuka ¢piisTpa Ha ITAX. KommniekcHa yacToTHa XapaKTepUCTHKA
YOTHUPHOXIIOJNIIOCHUKA TIOB's3aHa 3 HOro IMOYJIBCHOK Xapakrepuctukor h(f) Dyp'e-
neperBopeHHaM. OTxe, 0 BiIOMiH /(f) MOXHA 3HAHTH YaCTOTHY XapaKTEpUCTUKY (iIbTpa Ha
MAX:

IMmynbeHuit Binryk Takoro (inkrpa npu N,=9 mpencrasBieHu Ha puc.2.2, a.
J1s 4acTOTHOT XapaKTePUCTHKU OAEPAKYEMO 32 J1011oMOror0 Dyp'e-epeTBOPEHHS:
nie— 1eHTpangbHa yactora 311
Puc. 2.2. ImnyjbcHa xapakTepucTuka ogHopignoro 3IIII (a)
i pinbTpa, mo mae aBa ognopinuux 31III (6)

Cymy B mpaBiif yactusi (2.7) OOYHCIHMTH HECKIAIHO, OCKUIPKA BOHA SIBISIE COOOIO

reoMeTPUYHY IpOorpecito. Y TOCHTH By3bKOMY Jialla30Hi 9acTOT MOONHU3Y f; MOXKHA 3alHCaTH:
TOOTO YaCTOTHA XapakTepucTuka ¢insTpa 3 ogHopianum 31IT mae BUrmsy sin x/x.
3 (2.8) BuaHO, WO TepHIi HYNTi YaCTOTHOI XapaKTEPUCTUKH BIiIIMIOBINAIOTh YacTOTaM

CXOXICTb - Lintata
CXO0XiCTb 3 06paHuM oKepesiom MocunaHHA

abc | 3amiHa nitep abeTku


https://corp.unicheck.com/

() UNICHECK

CX0XiCTb

_J

Sio=/o +N70
2 ,a BIJHOCHA MIMPUWHA CMYTH MpPOIMYCKAaHHS IO TEPIIMX HYJISIX OOEpHEHO
MPOMOPIIIifHA YHUCITy EJICKTPO/IIB: (f .~ f 1)/f 0=2/N, .3 (2.8) BHIHO TaKOX, IO

PO3MIAHYTHH BapiaHT ¢imbTpa He 3a0e3ledye TOCHTh CHIBHOTO NPUAYIICHHS CHTHAIY I103a
cmyroro mnpomyckaHHs. Koedimient mepenmawi Ha wactori mepmioro (abo MiHyC HeEpIIOTro)
MaKCHUMYyMY YaCTOTHOT XapaKTepUCTUKU AOpiBHIOE -13,46 nb.

PozmistHEMO 1Ie OUH NpUKIAK - (GIIbTp, IO CKIANAETHCS i3 TBOX OJHAKOBUX OJHOPITHUX
3MIIT mo N enektponiB KoXHUH. i iMIYyJIbCHOI XapaKTepUCTHKH Takoro (imsrpa i3 (2.5)
OEePXKNMO:

ne pu —N+1 <n <0;
npu 0<n < N-1.
Ha Puc. 2.2, 6 nokaszana immysbcHa Xapakrepuctika (2.9) aus N=9.

3(2.9)1(2.6) npu N >>1 BUIUIUBAE!

YacrorHa xapaktepuctuka (2.10) onucyeThest 10OyTKOM YaCTOTHUX XapaKTEPUCTUK BUILY
(2.8) BXIHOTO 1 BUXIJHOTO MIEPETBOPIOBAYIB.

2.2. CuHre3 ¢inbTpiB Ha NOBEPXHEBUX AKYCTHYHHMX XBHJIAX

IIpu npoektyBaHHi (igBTPIB JOBOJUTHCS 3IIITOBXYBATHUCS 13 3aBAAHHSAM CHHTE3Yy - IO
3ajaHilf 9acTOTHIMl XapaKTePHCTHIIl BH3HAYHTH TeOMETpil0 (iIbTpa, TOOTO 3HAWTH YHCIIO,
MOJIOKEHHST W KoHQirypauito enekrponiB koxuoro 3IIII. [/lane 3aBnaHHs, MO € iCTOTHO
CKJIAJIHIIIINM, YMM 3aBJIaHHS aHaji3y, OyZeMO BUPILIYBaTH y JiBa eTanu. MeTO Mepuioro eramy
MIOCTaBMIMO 3HAXOJ/UKCHHS Bar BIUTIKIB IMITYIIbCHOI XapakTepucTHku koxuoro 3IIII, a meToro
JPYTOTO - 3HAXO/PKEHHS Te€OMEeTpii KOHKPETHOT peanizaiii (inpTpa.

Ha nepmomy erami mo Binomiit Gpyskii A (®) TOTpiOHO BU3HAYUTH YHCIIO BINIIKIB N it
N2 1 Bci koedinieHTH A1, it A2, IMITYJIBCHUX XapaKTEPUCTHK:

TaxkuM YMHOM, 3aBIaHHS 3BOJIUTHCS 10 BU3HAYCHHS /1(?) 1 /2 (f) 1O 3aranbHii iMITyIbCHIN
xapakrepuctuni ¢imsrpa. Touwime Kaxydw, AuckpetHi OGyHKUil Ai(n) i h(n) MOBUHHI
BU3Ha4YaTUCS 3 OYHKUIT A(n), MO OAEPXKYIOTh HUIAXOM [JUCKpeTu3alii i3 KpOKoM T
6e3nepepBHOi GyHKIIT A(f). Sk Oyno Bxke 3a3Ha4eHO, A(f) € 3ropTKa TUCKpETHUX QYHKIH A1(7) 1
ha(n), 1, 0TKE, MOXKHA 3aITHCATH:

Busnauenns hi(n) i hy(n) 3 (2.11) MoxHa Ha3BaTH «pO3TrOpHEHHAM» (YHKUII A(n).
3BUYANHO IS TIPOCTOTH MPHUITyCKaroTh, 1m0 oxuH i3 3LIIT ¢insrpa € MIHUPOKOCMYTOBHM, a
YaCcTOTHY XapaKTepUCTUKy (opmye napyruii, cmyrozanaBansHuil 3IIII. ¥V Takomy BuIajnky
LIIMPOKOCMYTOBHI MEPETBOPIOBAY € OJHOPIIHUM IMEPETBOPIOBAYEM 3 MaJIM YHCIIOM BiJIIKIB
IMITYJIBCHOT ~ XapaKTepHCTHKH 1 HOro cMyra TIPOIyCKAaHHS ICTOTHO IEPEBUINYE CMYTY
nponyckanus gpyroro 3LIII. ImnynbcHa XapakTepucTuka mupokocmyrosoro 3IIIT, Hanpukiar
h(t), Mae many TpUBaNiCTh, 1 B pe3ynbrari (2.5) iMIyJIbCHAa XapaKTEpPUCTHKA BChOTO (iNbTpa
30ira€ThCsi 3 IMIYJIILCHEM BiIrykoM cmyrozagaBanbHoro 3IIT: /y(n) = h(n). Takuil migxin
JO3BOJIIE B TIPUHIIMITI BHUPINIMTH 3aBJaHHS CHUHTE3Y HEOOXiTHOT YaCTOTHOI XapaKTepUCTHKH
¢urerpa Ha [TAX, xoua He 3abe3medye peamizamii GiabTpa 3 MiHIMATBHUM 3araIbHUM YHCIOM
BiJUTIKIB IMITYJIbCHOTO BIATYKY.

OpHaK Ha TaKOMY HUISIXYy BUHHMKAIOTh YCKIaaqHeHHA. CripoOyeMO CHHTE3yBaTH ifieabHUN
CMYTOBHH (iTBTp, YaCTOTHA XapaKTEPHCTHKA SKOTO Mae BHIIIAL, e mpu x <0 ta mpu x > 0,
cxiguacrta QyHkuisg. YacToTHa XapaKTEpPUCTHKA 1€abHOr0 CMyroBoro ¢insrpa NokazaHa Ha
Puc. 2.3, a.

Puc. 2.3. YactorHa (a) i imnyabcHa (0) XapaKTePUCTHKH i1€eaIbHOT0 CMYToBOro (piibTpa

JJis iMITyTbCHOTO BIZITYKY i71€aJIbHOrO CMYTOBOTO (DiJIBTpa OEPIKYEMO:

Ie .

MHoxHUK B (2.12) BiAmoBiZae MEpeHOCY CEpPeJUMHM YaCTOTHOI XapaKTePHCTUKH Ha
4acToTy fo, a CHIBMHOXKHHMK BHUJAY SinX/X Ha3UBAIOTh IMITYJIbCHOIO XapaKTEPUCTUKOIO /iy(f)
HusbkovactotHoro (HY) mportoruny ¢inerpa. 3 (2.12) BuaHO, 1110 NPH CUHTE31 PiIbTpa MOBa Hae
PO peajizalifo iMImynbcHOI xapaktepuctiukn HY nporotumy. 3 (2.12) BunHO, M0
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e, TOOTO IMIyJIbCHA XapaKTEpUCTHKA 17€aJbHOr0 CMYTOBOTO (ilbTpa BHSBISETHCS
HEeCKiHUeHHOI B daci W 1y 11 peamisamii MOTpiOHe HECKIHUCHHE YHCIO ENEeKTPOIIB, IO
0e3my3no. Ha Puc. 2.3, 6 HaBeneHWil BuJ IMITyJIbCHOI XapaKTEPUCTUKH (TOJIOBHMHA, IO
BigmoBinae t > 0) ieaqbHOro CMyroBOro (iIBTpa.

BinnoBinHO, MOXJIMBO peani3yBaTW TUIBKM TaKy YacTOTHY XapakTepuctuky, Dyp'e-
NIEPETBOPECHHS SIKOT CKiHUeHe B 4aci. Ha mpakTuili 3BUYaiiHO HE 3a/1al0Th TOYHMH BUI H (), a
BHUMAraroTh, o0 y cMy3i npomyckaHHS Bix f; 1o f> (Puc. 2.4) xoedimieHT nepenadi OyB TOCHTBH
ONMM3bKUI ONWHMI, IIMPUHA MEpPeXifHOi Oo0nacTi MK CMYyrow TpOMyCKaHHsS W 0O0IacTio
3aTpUMyBaHHs Oyja MEHIIe 3aJaHoi ¥ 1mo3a CMyrow MpOMyCKaHHsS KoedillieHT nepenadi OyB
JOCUTh O61u3bKuil Hyio (200, oHalIMEHIIIe, y 3aJaHe YUCIIO Pa3 MEHIIe, HiXK Y CEpeluHi CMyTU
nponycKaHHA).

VYV peanpHOTO OiNBTpa CMYTy MPOMYCKaHHS BHU3HAYAIOTh 3BHYAHHO MO JESIKOMY
YMOBHOMY piBHI0. Hampukiaz, 4acToTu fi 1 f» BU3Ha4aloTh CMYTY IIPOIyCKaHHSA 3a piBHeM -1 1b
BiJl MpOIyCKaHHS MOOJIN3Y EeHTpaibHOT YacToTH fo (Puc. 2.4). O6nacTh 3aTpuMyBaHHS TaKOX
BU3HAYAIOTh 10 YMOBHOMY DiBHIO, HAIPHKJIAJ 3a piBHeM ociabneHHs curHamry Ha 40 nb y

HOPIBHSHHI 3 OCJIA0JICHHIM Ha 4acToTi fo. JJaHOMy piBHIO BiIIOBifalOTh 4aCTOTU fi 74

f2 , Tak 110 IpH /Pt 1 i AN 2 posramoBaHa oOnacTh 3arpuMyBaHHs. Illupuny

MEPexiHUX AUITHOK {f of J i V 2f Zl 3BHYaiHO 3a/1aI0Th KOe(illieHTOM IPSMOKYTHOCTI
(Hanpukna, mo piBHsAX -1 ta -40 nb):.
Puc. 2.4. YacrorHa 3anexxHicTh KoedinieHTa nepeaadi cMyroporo ¢pijisTpa
Bigxunenns koedilieHTa nepeaadi B cMy3i MPOITyCKaHHS BiJl MAKCHMAITBHOTO 3HAUSHHS
XapaKkTepU3ylOTh IapaMeTpoM O-HEPIBHOMIPHICTIO B CMy3i MpPONYCKaHHSA, BHUPAaXEHOi B
nenubenax. [Toza cMyrorw mponyckaHHs KOeilieHT mepeaadyi XapakTepu3yTh BEIMYUHOK R-

piBHEM OIYHHX METIOCTKIB, TOOTO MaKCUMAJIbHHUM 3HAYCHHSIM BiJIHOIICHHS |H‘f MH(f c H
o0JacTi 3aTpUMyBaHHS, BHPAXAIOTh YacTo B Jenubenax. Take BH3HAYEHHS YacTOTHOI
XapaKTePUCTUKH, 110 BUILTMUBAE 3 BUMOTH MPAKTUKH, HE MPUBOIUTH OJHO3HAYHO /0 IMITYIECHOT
XapakTepUCTHKK (inbTpa, ame J03BONsAE MiNOMpaTH NPHHHATHY KiHIEBY IMITYIBCHY
XapaKTepUCTUKY BUXOASYM 3 BioMuX O, kn i R. OTxe, 3aBIaHHS CHHTe3y (inbTpa, IO Mae
YaCTOTHY XapaKTEPUCTHKY, 3a/laHy BEJTHMYUHAMHU O, k, H R, 3BOAUTHCA 10 MiAOOPY IMITYIbCHOT
XapaKTepUCTUKH KiHIEeBOI TpuBanocTi, Dyp'e-niepeTBOPEHHS SKOI 3aOBONBHSE MPE IBICHIM
BuMmoram. [IpaBuibHUN MiAOip 3aeXKHUTh BiJl JOCBiLY po3po0IItOBaya, OJHAK, OMHPAIOYUCh HA
Teopito 1U(PoBUX PUIETPIB, MOXKHA JATH JIESAKI PEKOMEHIALIII.

3HmkeHHs piBHA OiuHMx memiocTkiB. BignosinHo no cmiBBigHomenHs (2.8) Oyino
BCTAHOBJIEHO, 1110 [isi oxHopigHoro 3IIIT piBeHb GiUHMX METIOCTKIB HOCUTH BUCOKHUIL: -13,46
nb; omHak Bke Ui (QiIbTpa, MO CKIANAETHCA 13 IBOX OxHakoBuX omHopigaux 3T (2.10),
piBeHb OIUHMX MENIOCTKIB majae 10 -27 nb, 1m0 € HacHigKOM 3IVIa/PKyBaHHS IMITYJIbCHOI
XapakTepucTuku 1o kpais (Puc. 2.2, a i 6).

Takuii pe3ynsraT mifKa3ye OUISX 3HIDKCHHS OIYHUX MeNrocTKiB y dinprpax Ha [TAX -
3MVIAJUKYBAHHS IMITYJIBCHOI XapaKTepUCTHUKH (UIBTpa 10 KpaiB, TOOTO MHOXKCHHS i Ha NEsKy
yOyBarouy 110 KpaiB (yHKIIF0, Tak 3BaHOI (YHKII€ armomu3ailii abo amogusaliisi iMImyabCHOT
XapakTepUCTHKH. Lleit MeTox MMPOKO BUKOPHUCTOBYIOTH Y Teopii MU(POBHUX (iIBTPIB.

Bi3zpMeMo B SKOCTI pUKIany (GibTp TUIY KKOCHHYC Ha IT'€AeCTai», Ul SKOr0 (BYHKIIIO
aropm3anii 6epyTs y BUIMIAAl (yHKIIT XeMMiHra:

ne 2T — moBHA TPUBATICTH IMITYJIECHOTO Binryky. Ilapamerpu k #f m B (2.13) MoXyTh OyTH
pi3HUMHU, oHaK HaivacTime 6epyTh £=0,08 i m=2.

ImITynbcHa XapakTepucTHKa (QiTbTpa TUITY «KOCHHYC Ha I'€AecTali»

IpoBomsun Dyp'e-nepeTBOPEHHS, OAEPKYEMO YACTOTHY XaPaKTCPHCTHKY:

Baru BiUTiKiB IMITYJILCHOTO BiJAT'YKY BU3HAUarOThCs 3 (2.14):

1€ N max SN SN max; N omax =26T .
By 4acToTHOI XapakTepUCTUKH (IBTpa, IO CKIAfA€eThes i3 mmpokocmyrosoro 31T i
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3MII1, anoau3oBaHOroO MO XEMMIHTY, TipeacTaBieHo Ha Puc. 2.5. 3 (2.15) i Puc. 2.5 HeBaxko
MepeKOHaTHCs, IO amoxu3alis 1o XeMMIHry 3a0esledye piBeHb NPHIAYIICHHS OIYHHX
nemoctkiB -42,8 nb. Jlns 30inblieHHS npuAylieHHs OiYHMX NENIOCTKIB MOXXKHA BHUKOHATH
xomOinamifo i3 3LIII, amoan3oBanoro mo XemMinry, i ogHopigHoro 31III, uncimo enekTponis
SKOTO BJIBiUi MeHIIe, Hix B anogu3osanoro 3IIII. V takiii komGiHawii nepeTBoproBayiB nepumit
HyJ1b Koediuienta nepenaui oxnopignoro 3IIIT moBoauThCs Ha mepiuii OIYHMHA MaKCHUMyM
koeimienTa nepenayi amoanzosanoro 3T, i piBeHb GIYHHX MENIOCTKIB 3HIWKYETHCS Maike 10
-60 nb. YacTtoTHa xapaxrepuctuka ¢insrpa 3 Takumu 31IT npencrasnena Ha Puc. 2.6.
BucHoBkHu

CHHTE3 IPUCTPOIB Ha TOBEPXHEBHX aKyCTHYHUX XBIJIAX — I BU3HAYCHHS 110 33JIaHUM
aMIUTITYTHO-4YaCTOTHUM XapaKTePUCTUKAM T'eOMEeTPil IPHCTPOIO, TOOTO 3HAXOPKEHHS KiBKOCTI,
MOJIOKECHHSI Ta KOHQIrypaiilo eJeKTPOIiB KOXKHOTO 3yCTPIUHO-IITHPOBOTO MEPETBOPOBAYA
(3LLIT). Jare 3aBoaHHS BUPIIIYETHCS y JBa eTamd. MeTOro IepIIoro eTairy € 3HaXODKCHHS Bar
BIJUTIKIB IMIyJIbCHOT XapakrepucThku kokHoro 3IIII, a MeTow Apyroro - 3HaXOHKEHHS
reoMeTpii KOHKPETHOI peaizanii IpUCcTporo.

EdextrBHEM MeTonmoM 3a0e3medeHHs HEOOXimHOI (opMM  aMIUTITyIHO-4aCTOTHHX
XapakTepuCTUK (inbTpiB HAa MOBEPXHEBUX aAKYyCTUYHUX XBHIISAX € amrou3allis eJICKTPOJiB
3yCTPIYHO-IITHPOBUX II€PETBOPIOBaviB 3rimHo ¢QyHkmiii Xemwminra, Yebumesa, beccems |,
Kaitzepa Tomio.

B mpoMy AWIIOMHOMY TIPOEKTi OIS TPUAYIICHHS OIYHUX TENIOCTKIB aMILTITYXHO-
9acTOTHOI XapaKTepPHCTHKU BHKOpUCTaHO KoMOiHamio i3 31II, anogusoBaHoro mo XeMMiHry, i
omnHopinnoro 3T, yrcno enexTpodiB SKOro BABIYI MeHIIe, HiX B amogu3oBaHoro 3IIIT. V
Takiii koMOiHamii IepeTBOpIOBauiB MepUIMi HyNb KoedimieHTa mepeaadi omHopigaoro 3IIITI
JOBOAUThCS Ha mepiuil OiluHMHA MakcuMyM KoedilieHTa nepenadi anoxuzosasoro 3IIII, i
piBeHb OIYHUX MENFOCTKIB 3HWKYEThCS Maixe 10 -60 1b.

3. PO3PAXYHKOBA YACTHHA
3.1.®i3nko-MaTeMaTHYHA MoOedb GiTbTPa Ha MOBEPXHEBUX aKYCTHYHHX XBHIISAX 3
anogu3amicio eJeKTpoaiB 3riqno pynkuii Xemminra

dizuko-MareMaTHyHy Mozenbs (ineTpa Ha ITAX 3 amoau3amiero eIEKTPONIB 3TiTHO
¢byHkuii XeMMIHTy JOLIUTBHO OOYyayBaTH Ha 0a3i Mozelni A - jpkepen, y AKild NPUIyCKaeThCs, 10
enektponu 3IIT € pAUCKpeTHUMH JpKEpeIaMH aKyCTHYHOI (€JIEKTpUYHOi) eHeprii, 1o
ONMUCYIOThCS A- (YHKISIMH, 33JlaHAMHM Ha KpasX KOXKHOTO eJekTpopa. [l crnpomieHHs
PO3paxyHKy JBa A - Jpkepesa ojiHiel MOJISPHOCTI, 10 HaJIeXaTh OJHOMY eJIeKTpoay abo 3a3opy,
00’€IHYIOTH B OJWH, IO 3HAXOJHUTHCSA B LEHTPI elekTpoga abo 3a3opy. Y 3aleXHOCTI BiX
3Ha4YeHHS Koe(illieHTa eIEKTPOMEXaHIYHOro 3B’SI3KY y PEalbHHUX I’ €30€JIEKTPUKAX MPEBAJIOE
TaHTeHIiaJIbHa a00 HOpMaJIbHA CKJIAJI0Ba eJEKTpUYHOro nois [3, 5, 6]. Tomy, MO)KHa BBaXKaTH,
mo [TAX y m’e30enexTpukax 3 cradkuM 3B’s3koM (kBapr SiO,) MoBepXHeBa aKyCTHYHA XBHJIS
30yMKYETbCSI TADMOHIYHUMH A - JDKepenamu, po3MillleHMMH y LeHTpax 3asopis 3III, a B
I’ €30€JIeKTPUKaX 3 CHJIBHUAM 3B’s3K0M (HioOar miTito-LiNbOs, repmanar BicMyTy — Bii2GeOx,
cuitikar BicMyTy — Bi112S1020, okcuny nusky — ZnO, HiTpua anoMitio — AIN ) - A - mxepenamuy,
PO3MIILIEHUMH Yy LIEHTpaxX eJEKTPOAiB. 3HAK CyMapHOro A - JpKepella BU3HAUAEThCS 3HAKOM
EJIEKTPUYHOTO IOJIs B K-My 3a30pi ab0 Ha K-My eJeKTpoji, a (a3a — KOOPIUHATOK EIEKTPOLY
abo 3a3opy.

VY pomni BUXigHOT Mozesi po3riIsiHeMO QyHKI[IOHaNBbHY cxemy (dinbrpa Ha [TAX (puc.3.1),
sika MicTuTh BHOipkoBuit 3ILIT 3 anoxu3aiiero enekTpomiB 3rigHO (GYHKIIT XeMMiHry Ta
exBiauctanTHui 31T 2. 3ycTpiuHO-IITUPOBI NEPETBOPIOBaYl HANMWIEH] Ha I’ €30€NEKTPUUHUN
3ByKonpoBix 3 3 mommmHauamu [TAX 4 i 5, HEOOXigHMX JUISl CTBOPCHHS PEXHUMY ODKYUYHX
aKyCTHYHUX XBHJIb.

Ipu nii wa Bxigawid 3L enekTpUYHOro CHUrHAITY MM_Umepr(zﬂf +b, y
MPWIEHITNX 10 €IEKTPOIIB AUISTHKAX I €30eJIEKTPHYHOTO 3BYKOMPOBOAY 32 PaXyHOK 3BOPOTHOTO
m’e30e()eKTY BHHUKAIOTh MEXaHIYHI HANpyrd, MI0 NpH3BOAATH 10 30ymxkenHs [TAX, sxi
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PO3MOBCIOIKYIOThCE B pi3Hi ctoponu. [TAX, ska renepyerbcs Bxigaum 3IITI, moxHa

MPECTaBUTH SIK CyMy XBIIIb a, , IO CTBOPEHI KOXKHUM OKPEMHM A - IDKEPETIOM.
Puc.3.1. Koncrpykuis ¢pinbrpa Ha ITAX

Bcei enexTponM, HpHenHaHI 10 3arajgbHOI IMHH, 30Y[KYIOThCSA OIHIEI0 H Ti€r0 X
HaNpyro i TOMy CTBOPIOIOTh XBHIII 3 OJIHIEIO il Tiew k (a3orn. OnHAK, OCKIIBKH €IEKTPOIH
po3mimteni B3xosx 31T, To mo nocsruens:o kins 31IIT xoxHa 3 HUX Mae CBilf (pa30BHIf 3CYB.

Hexrtyroun edexkToM KiHIEBOI IIMPHHU €IEKTPOAIB NPU PIBHOCTI LIMPHHU EIEKTpOLy i
3a3opy, npH skiii epexruBHicTh 3ITT MakcuManpHa, i KiITbKOCTI enekTpoaiB N>>1 Ha OCHOBI
Mozeni JuckpeTHHX A - mxepen ITAX Ha BEXOAI BXIZHOTO IIepeTBOPIOBada MOXKHA MPEICTABUTH

[3...6, 15, 16]:
ne a,= Yluu EX[{)] ( n- 1) nd - IOBEpPXHEBA aKyCTHYHA XBWIIS, KA 30YIKYETHCS M-
M A - mxepenom ( n:1’2""’Nﬂ )i Mﬂ — KIJIBKICTH eIIeKTpOZ[iB Heanonu3osanoro 31IIIT;
Vi Koe(illi€HT EJNIEKTPOMEXaHIYHOTO TEePETBOPEHHS elleKTpuuHoro curHany B [1AX;

6:(f0_f)/f0:()\_)\0)/)‘
¢azopa mBuakicts [TAX; f 0 )\0 - pe3oHaHCHI yacToTa Ta aomxuHa [TAX (

AIl - nepion 3LIIT ).
Micna  nigcymMoByBaHHA  ChmiBBigHOWeEHHA  (3.1) 4gns  ™Manoro

)\O:V/fo : vV
=2,

- BIJIHOCHE YaCTOTHE PO3CTPOIOBAHHS,

PO3CTPOIOBAHHA ( = ) 0EepPXNMO:
xX=N,"s
e 2 , a ¢aza ITAX nHa Buxoami HeamommzoBanoro 3LIIT BH3HauaeThCs
opmMynoto:
Ha6ir ¢asn IIAX Ha gingHIN  3BYKONIPOBOAA MDK  3yCTPIYHO-IITHPOBHUMHU

[IePETBOPIOBAYAMH Ly BU3HAYAETHCS HACTYITHUM CITiBBiTHOIICHHSIM:
Tomi, HEXTYyIOUM MaluMH BTpatamu Ha nommpeHHs [IAX 1mo moBepxHi 3ByKONPOBO/A,
IIOBEPXHEBY aKyCTHUUHY XBHJIIO Ha BXozi anoxu3osaHoro 31T moxHa npeacTaBUTH y BUNVISLL
BuxopucToBytoun monens A - mxepen 1t BuxigHoro anogusuoanoro 31T, Buxinauit
eNeKTpUYHKi curHaN QinsTpa Ha [TAX MOXKHA HAIaTH Y BATIISAI:

e N, . 4YHCI0 enekTponiB B amomusoBanomy 3LIIT (m=1, 2,...N,); Yo . koedilieHT
eNIeKTpOMeXaHiqHOro neperBopeHHs [TIAX B eJIeKTpUYHUIN CUTHAT; A aMILTITY/IHI 3HAYCHHS
BIJUTIKIB IMITYJIbCHOTO BiAryKy anoau3oanoro 3IIIT 3rigHo ¢yHkiii XemMiHra:

KommrexcHuit koedinienT nepenadi dinsrpa Ha [TAX:
IIpu pe3onaHcHiii 4acrori (, ,) KOMIUIGKCHHI KoedilieHT nepenadi ¢inerpa Ha [TAX
puiiMae BUTIISA:
Toni HOpMOBaHUH KOMIUICKCHHI KOS(ILliEHT Iepefadi BU3HAYA€THCS CIIBBITHOMICHHSM:
ne K i ¥ - ammmitygmHo-yacrotHa u pasodactoTHa xapakrepucTUku (insTpa Ha [TAX
BIATMOBIAHO, IKi BU3HAYAIOTHCS CITiBBIJHOIICHHSIMU:
ne K, Ta K, . aMILTITYTHO-9aCTOTHI XapaKTEepUCTUKH HEAIloJH30BaHOIO Ta
o]
aroIM30BaHOTO  3yCTPIYHO-IITHPOBUX TMEPETBOPIOBAYIB  BIAMOBIIHO; L O T
(a304acTOTHI XapaKTePUCTHKH HEaNoIU30BaHOTO M  alOIU30BAHOTO 3YCTPIYHO-IITHPOBHX
[IEPETBOPIOBAYIB BiJIIOBITHO.

K

Ha Puc.3.2 300paxxeHa aMILTITyTHO-4acTOTHA Xapaktepuctuka (AUX) “#  (3.14)
neanoguzoBanoro 3111, 3 sxoi BummBae, mo cMyry npomyckanss HearnonuzoBanoro 3IIT va
piBHi =3 b Ta —10 1B BinNOBiqHO NPUIIMAIOTH 3HAYECHHS: A fas=1,76 MI'l Ta A froi6=2,94
MTI'n. Ilpu 11boMy piBeHb OiYHHUX MEMIOCTKIB BUCOKUIL 1 cknanae -13,26 ab.

CXOXICTb - Lintata
CXO0XiCTb 3 06paHuM oKepesiom MocunaHHA

abc | 3amiHa nitep abeTku


https://corp.unicheck.com/

() UNICHECK

o]
Ha Puc.3.3 300paxeni ¢a3ouactotHi xapaktepuctuku (PUYX) Yy (3.15)

N =L /A =50,100,150 .
Heanoausosanoro 31T npu 3HadeHHsIx ~ © 0 "0 , 3 IKUX BUILIMBAE, 1110 13
30ibIenHsaM BiacTani Mk 3IIIT ninidinicte @YX 30epiraeTbesi, Npu HbOMY 301LIBLIYETHCS KYT
Haxuiy (a3049acTOTHOI XapaKTEPUCTHKH, IO HEOOXiZHO BpaxXOBYBaTH MpPH IPOCKTYBaHHI
¢imsTpie Ha ITAX. KpiM Toro, HeoOXiTHO BpaxoByBaTH, IO IpPU MaJHX 3HAYCHHAX

N =L/ . . . . .
o o AQ Oymne 30ULTBIIyBaTUCh IHTEHCHBHICTH BHIIPOMIHIOBaHHS Ta NpUAMaHHS
[apa3uTHUX CUTHAJIIB B pE3yJIbTaTi €JIEKTPOMArHiTHUX Ta €JEKTPOCTaTHYHUX 3aBal.

Ha Puc.3.4 300pakeHi aMIUTITyIHO-4acTOTHI XapakTtepucTuku (AUX) K, (3.16)

anoxuzoBanoro 31T npu 3HaueHHsx napametpa anonusaii £ = 0,08; 0,15; 0,20, 3 sskux
BUILIMBAE, 110 napametp anonusanii k=0,08 no3Bosnse 3a0e3neunTi 3HaYHO OIIBILY CMYTY
nponyckanss anoauzoBanoro 311ITT Ha piBHi —3 1b Ta —10 1b y NOpiBHSHHI 3 anogU3aIli€l0
eneKTpoiB TpH mapamerpi k= 0,15 Ta k=0,20 , T0610: & fi36=129 MI'mTta L f0,6=2,27
MT . ITpu 1iboMy piBeHb OOKOBHUX IETIOCTKIB cKiafgae -43,5 nb.

Ha Puc.3.5 300paxeHni ¢azouactoTHi xapakTepuctuku (OUX) Y, (3.16)
anou3oBanoro 31T npu 3HaYeHHsIX mapamerpa amoau3anii k£ = 0,08; 0,15; 0,20 , 3 sxkux
BUILIMBAE, 1110 JiHiiHicTE DUX y cMy3i mponyckaHHs 30epiraeThbces.

Ha Puc.3.6 300pakeHi aMILIITyIHO-4aCTOTHI XapakTepucTUKU (AUX) K(0) (3.11)
¢inerpa Ha [TAX 3 anoguzoBanum 3IITT 3rigHo GyHKIT XeMMiHra npu napaMmeTpax anomu3aiii
k=0,08; 0,15; 0,20, 3 IKkUX BUILIHBAE, 110 TTapaMeTp amoau3aii k~0,08 3ade3neuye OibII
CMYTH ITponycKaHHs Ha piBHI —3 nb Ta —10 ab npu 3Ha4HO O1NBIIOMY 3racaHHIO OJIMKHBOTO
OIYHOTO TIETOCTKA Y MOPIBHSAHHI 3 aloAM3alli€l0 eNeKTPOIiB pu mapametpi k= 0,15 ta k=0,20,
To0OTO 1pH k = 0,08 piBeHb OiTHOTO MEMIOCTKA cKiTazac - 63,3 nb.

B rtabmuui 3.1 mpeacTaBieHO pe3ynbTard  PO3PaxyHKY — aMILIITYJHO-4aCTOTHOT
xapakrepuctuku ¢inerpa Ha [TAX npu napameTpax anoamzanii :
k=10,08; 0,15; 0,20.
Tabauns 3.1
Po3paxyHkoBi napaMeTpu aMILIITYTHO-4ACTOTHOI XapaKTePUCTHKHU (iIbTPa HA
MAX
Takwuii HU3bKUH piBEHb OMMKHBOTO O1YHOTO MenrocTka AUX oTpuMaHo B pe3yibTari
ONTHUMAJILHOTO BUOOpY napamerpa anoausauii k=0,08 Ta BUKOPUCTaHHAM HEANlOJU30BAHOTO
3T, uncio eneKTPOIiB SIKOTro y 2 pa3u MeHIIe y nopiBHsAHHI 3 anoanzoBaHuM 31T, B rakiii
KoMOiHaIliT IepeTBOPIOBaYiB MepIMi HyJb Koedilienta nepenadi oguopiaaoro 31T
HPUXOJUTHCS Ha MEepIIHii O19HMi MakcuMyM KoedilieHTa nepenadi anogn3osanoro 31II, Tomy
piBeHb OIYHUX MEJFOCTKIB 3HAYHO 3HHKYETHCS.
Ha Puc.3.7 300paseHi ¢a3ouactoTHi Xapakrepuctuku (PUX) ¥  (3.12) dinbrpa Ha
IMAX ¢ anonuzoBanuM 31IT 3rigHo GyHkIii XeMMinra npu mapamerpax anoausaiii £=0,08 u

3HAYEHHAX No:Lo/AQ: 50,100,150 , 3 SIKUX BUIUIUBAE, [0 Y CMY3i IPOITYCKAHHS
30epiraeThes JiHIHHICTh (a304aCTOTHOT XapaKTEPUCTHKH, KYT HAXHITY SKOI 3aJIe)KHTh Bif
Bigcrani mix 31T,
Ha Puc.3.8 300paxeHi 3anexHOCTI aneprypu enekrpoxis anoxuzoanoro 3IIIT 3rimHo

¢yHK1il XeMMiHTa Ay , SIKI BU3HAYAIOTECS 3TifHO (opmynu (3.7) IpH 3HAYCHHUAX IapaMeTpa
amoxm3ari k£ = 0,08.
Puc.3.2. AMniitygHo-4yacToTHa Xapakrepucruka K, (0) Heanmoguzosanoro 31IIIT

o
Puc.3.3.®@a304acToTHi XapaKTepUCTHKHU Luﬂ(ﬁ ) Heanonu3oBaHoro 3IITI
npu Ny = Lo/A=50; 100; 150
Puc.3.4. AmniirygHo-yacrorHi xapakrepuctuku K, (0) amoquzoanoro 31TI
npu napametpi anoau3aunii: k = 0,08; 0,15; 0,20
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CX0XiCTb

Puc.3.5.@a304acToTHI XapaKTepUCTHKH mﬂ( b ) anoauzoanoro 31T
npu napametpi anoau3aunii: k = 0,08; 0,15; 0,20

Puc. 3.6. AMmitynHo-4actorHi xapakrepucruku K (0) pinbrpa na [NAX
npu napamertpi anogu3aunii: k = 0,08; 0,15; 0,20

Puc.3.7. ®a3ouacToTHi XapaKTepUCTUKHU Y (6) ¢inbTpa Ha [TAX npu
napameTpi amogm3anii: k = 0,08 Ta Ny = Lo/Ao=50; 100; 150
Puc.3.8. 3anexnocti aneprypu enexkrponiB A, (m) anonuzoanoro 3III 3rigno
¢ynkuii Xemminry npu napamerpi anogusauii: 4= 0,08; 0,15; 0,20
3.2. Meroauka po3paxyHky TonoJiorii giasrpy Ha ITAX
OCHOBHUM 3 yCiX BiioMux crioco0iB 30ymkeHHs i npuitomy [TAX e croci0, 3acHoBaHuUit
Ha IT’€30€JICKTPUIHOMY e(eKTi, a caMe Ha BUKOPHCTAHHI 3yCTPIYHO-IITHPOBUX MIEPETBOPIOBAYIB,
y SKHX BiIOYBA€THCS B3a€MHE IIEPETBOPEHHS €JIEKTPUYHOTO CUTHANLY B aKyCTHYHY XBUIO. Tomy
OIHIEF0 3 OCHOBHHUX XapaKTCPUCTHUK I1'€30CNICKTPUYHHUX  MarTepiamiB € KkoedilieHT

2
K. , SKUH BHM3HAYAETHCA TEH30paMH MOIYNIB TPYXHOCTI,

2
, .. K .
I’ €30€JIeKTPUIHUX 1 mienekTpuynux cramux. s [MTAX Bennunna ¢ 3 BHCOKOIO MIpOIO
TOYHOCTI JIOPIBHIOE TOABOEHIN BiTHOCHIN PI3HUIN IIBUIKOCTEH Ha BIIBHIA Ta MeTali30BaHii

K'=2AV/V

€JICKTPOMEXaHIYHOTO 3B’SI3KY

MOBEPXHI  IT’€30€TeKTpHKa  ( ). 3a3BMYall HaMararoTbCsl BHKOPUCTOBYBATH

2
I’ €30€NIeKTPUYHI KPUCTAIN 3 SIKOMOTA OLTBIIMM  ~ ¢, OHAK IJIS BY3bKOCMYTOBHUX HPHCTPOIB
Ha [TAX HanTO BHCOKE 3HAUEHHS OTO KoedilieHTy Moxe OyTr HeOaxaHnM, 60 IPU3BOAUTE 10
CIIOTBOPEHHS aMILTITYJHO-4aCTOTHOT Ta IMITyJIbCHOT XapaKTePUCTHK IIPUCTPOIO.

Po6oua yacTora npuUCTpoIO f 0 BH3HAYAETHCA (Ha30BOIO MIBHAKICTIO V. Ipu BuGOpI
MarepianiB ans npuctpoiB Ha I[TAX HeOOXiHO TakKOX 3HATH TaKi XapaKTEPUCTHUKH, SIK
TeMreparypHuii koedimieHT wacy 3arpuMkd (TK3), KyT BigxXuieHHs IOTOKY eHeprii Bif
HaNpsMKy PO3MOBCIO[UKEHHS XBHJII (Ol) 1 3aJIeKHICTh KyTa BIAXHJIEHHS INOTOKY €Heprii BiX
HanpsIMKy pO3MOBCIOKEHHS (), SIKMi BU3HA4Yae MUQPPAKLiiHI CIOTBOPECHHS. InealbHUM €
Marepian 3 HynsoBuM TK3, Hyms0BEM o 1 y mopsiaxa —1. 3a yMOB BUKOHAHHS OCTaHHBOI YMOBH
3a0e3neuyIoThcs MiHiMalbHI AUGPaKIiiiHi CIOTBOPEHHS.

Binbricts npuctpoi Ha [TAX BUTOTOBISIOTH 3 Oi-KBapily, HIO0AT JITir0, TAHTAJAT JITIIO,
repMaHar BICMyTY Ta CTPYKTYp Ha OCHOBI I’ €30€JICKTPHUYHO]T IUTIBKH OKUCY ITHHKY.

Iepmmii Mae Xxopoliy TeMIepaTypHy CTaOUIbHICTb, ajle MOXe BUKOPHCTOBYBATHUCS TiBKH
2
JULSL TIPUCTPOIB 3 BY3bKOI LIMPHHOIO CMYTH IIPOIyCKAaHHS 4epe3 Maly BEIUYUHY Ke oy
2
Ko i penmxuit nonarHiit TK3. Tanrtanar niTito Mae Kparnry
2
TeMIIepaTypHy CTaOlIbHICTb y MOPIBHAHHI 3 HIO0ATOM JIiTilO, ajle KoedilieHT K y HbOTO B 4
pasu meHmi. [epmanar BicMmyTy mMae Many ¢a3oy mBuiakicts [TAX, onnak TK3 3HauHO BUIIMi
y HOPiBHSIHHI 3 HI00ATOM JIITiIO.

BukopucTaHHs 11’€30€NEKTPHYHHMX IUTIBOK OKHCY IIMHKY JO3BOJSIE CTBOPIOBATH
MIKPOGNIEKTPOHHI ~ IPUCTPOi, y SAKHX AaKyCTOCNEeKTPHYHI I  CNEeKTPOHHI  eJIEMEHTH
PO3TaIlOBYIOTHCS Ha OAHIN MiAKIaAli, 110 3HAYHO 3MEHIIYe Macy, rabapuTu 1 BapTiCTh BUPOOIB.

VY rtabmuni 3.2 HaBeJAGHO OCHOBHI NHapaMeTpH I €30€JICKTPHUYHHMX MaTepialliB, sKi
HeoOXimHi s po3paxyHky I[TAX mpuctpois [1, 2, 6, 7].

Tabnuus 3.2
XapakTepucTHKHM MaTepiaJiB, 10 BUKOPHCTOBYIOThCA B pucTposix Ha [TAX

AmHai3 mapaMeTpiB 3BYKOIIPOBOAIB IOKa3ye, o HmpH po3poodui ¢irsrpa Ha [TAX, sxuit
nepeada4aeThCsl MNP BUKOHAHHI 1€l poOOTH, NOLIIBHO BUKOPUCTOBYBAaTH HioOat JiTito YZ-
3pi3y, SIKUMl Mae BENHMKE 3HAYCHHS Koe(]illieHTa eJIeKTPOMEXaHIYHOTrOo 3B’SA3KYy Ta Maluil KyT
BIJIXWJICHHS [IOTOKY €Heprii Bil HampsIMKy pO3MOBCIOMKEHHS XBWIi. J{ns 3a0e3nedeHHs 3a1aHol
CMYTH TPOITYyCKaHHS BHKOPHUCTAEMO BXIJIHUM Hearmogu30BaHUN 1 BUXITHHNA amoJu30BaHU

Hio0AaT iTir0 OiIbINe 3HAYCHHS

- LntaTta
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3YCTPIYHO-IITHPOBI TEPETBOPIOBAYl 3 PI3HUM YHCIOM €JCKTPOAiB. Pe3ynbTard YHCIEHHHX
po3paxyHKiB (inbTpa, HaBeneHi y posmimi 3.1 1 Ha pucyHkax 3.2..3.7, NOKa3ylOTh, IO
aMIUTITYJTHO-4aCTOTHa xapaktepuctuka ¢inbrpa Ha [TAX 3anexuTh BiJi KOHCTPYKTHBHHUX
IapaMeTpiB 3yCTPIYHO-IITHPOBUX NEPETBOPIOBAUIB.

Buxonsiun 3 BUIEBUKIAZCHOTO, IPOBEAEMO PO3PaXyHOK KOHCTPYKTHUBHUX IapaMeTpiB
¢inbrpa Ha [TAX Ha migknanui i3 HioOar mditiro LiNbO; YZ-3pi3y (Puc.3.1), BUKOpHCTOBYHOUH
dopmymu (3.1...3.16):

Buxinsi aaHi 1uis po3paxyHky ¢insrpy Ha [TAX:

. 3BYKOIPOBia: Hio6aT miTiro LINbO; YZ-3pi3y;
. LIEHTpaJIbHA YacToTa : fo = 69,76 MI';
. cMyra MpoIycKaHHs Ha piBHi -3 nb: Af; = 1,0 MI'L;
. BHOCHMI BTpaTH Ha LIEHTPaNbHIH yacToTi: o= 20,0 ab;
. mBuaKicts [TAX Ha BibHINM noBepxHi: Vs = 3488 m/c;
2
. Koe(ilieHT eIeKTPOMEXaHIUHOTO 3B’ SI3KY : Ko - 0,045.

Tomnororito ¢insTpa BUOUpaeMo, BpaxoBYIOUM BUMOTH J0 3aJlaHUX HapameTpiB. DuibTp
mictuth nBa 3T, oguH 3 SKUX aNoOXW30BaHUN MO amepTypi, a Apyruil Hearnoau30BaHUi
€KBIJUCTAHTHUN 3 MaJMM YHCIOM elekTpomiB (puc.3.1.). Y oMy BHUIAJKy MOKHA TPUNHSITH,
110 aMIUTITYAHO-4aCTOTHA XapaKTepUCTHKa (OPMYyeTbCcs B OCHOBHOMY amoau3oanum 3IIIII,
T00TO A ~ Afo. N 3a0e3neueHHs 3aMaHOro KoedilieHTa MPSIMOKYTHOCTI amoIu3awLilo
ENIEKTPOIIB 3iHCHIOEMO 3riiHO QyHKIiT Xemminra (3.7) npu £=0,08 i m=2.

Meroauka po3paxyHKy KOHCTPYKTUBHUX ITapaMeTpiB:

1.Yucno cymixkHHAX Tap enekTpoiB amoanzoBanoro 3IIIT 3HaXomumo i3 CHiBBiTHOIICHHS
[1...6]:

2. Yncino cyMiKHUX Map eNeKTpoiB Heanogu3oBanoro 31IIT:

3. Iepiox 3yCTpi4HO-IITHPOBOTO MEPETBOPIOBaYa Ap 1 pe3oHaHCHa JoBxuHa [TAX Ay st
3aJIaHoT IIEHTPAJIbHOT YaCTOTH fo BU3HAYAETHCS (POPMYJIIOHO:

4.1llnpuHa enekTpoiB d, 1 IIMpHHA 3a30py dS MIDX eJIEKTPOAAMHU:
5.JIoBKHHA BXiIHOTO 3yCTPiYHO-IITHPOBOTO IIEPETBOPIOBAYA:
6. JlopK1HA BUXiJHOTO 3yCTPIYHO-IITHPOBOTO MEPETBOPIOBAYA:
7. BpaxoByroun HEOOXiTHICTh €KpaHyBaHHS IMEPETBOPIOBaYiB MiK CO0OK, HMpUIMEMO

. . L ,=4775MKM . . . .
BiJICTaHb MiXK HUMH 0 , Toxi BincTanb Mixk neHrpamu 31T gopiBHIOE:
8.I1pu 11bOMY 3aTpHMKa CUTHATY BU3HAYAEThCA 13 (POPMYITH:
9. JlorKHHA MiAKIAIKH 3BYKOIIPOBOY:
ne - Bigcrans Big 3IIII no mommuuaua ITAX; - mosxuHa nornuHada ITAX.
10. Aneptypa 3yCTpi4YHO-IUTHPOBUX MEPETBOPIOBAYIB BUOUPAETHCS Yy MEXKAX:

Bubepemo

11. IlluprHa MKUHY 3yCTPIYHO-IITHPOBUX IIEPETBOPIOBAUIB BUOMPAETHCS Y MEXKAX:
Bubepemo

12.3a30p Mi MIMHAMH ITEPETBOPIOBAYIB Ta €IEKTPOIaMU BHOMPAETHCS y MEXax:
Bubepemo.

13. IllupuHa migKIaaKK:

ne dﬂ_ 750 MKM - Bincransp Big mmaM 31T 1o kparo migkiaaku.

Takum yuHOM /17151 BUTOTOBJICHHS (inbTpa Ha [TAX HeoOxijHa miKIaaKa i3 Hio0AT JIITiH0
LiNbO; YZ-3pi3y 3 po3mipamu: goxuna — 20,0 mM; mmpunaa — 15,0 mv; ToBmmHa 1,0 MM.
3.3. MeToauka iHKeHepHOI0 PO3PAXyHKY aKyCTOeJeKTPHYHUX
napamMeTpiB 3ycTPiYHO-IITHPOBUX MePEeTBOPIOBAYIB

3.3.1. MeToguka po3paxyHKy aKycTOeJJeKTPUYHUX NapaMeTpiB
HeanoJAn30BAHOI0 3yCTPiYHO-IITHPOBOr0 NEPETBOPIOBAYA
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1. CratuyHa €MHICTh 3yCTPIYHO-IITHPOBOTO NMEPETBOPIOBAYA:

ne G . IIOTOHHA €MHIiCTh Napu enextpoxis 31T (kBapw ST . 3pisy, Hiobar sitito  YZ

Co=456 no/cm , TaHTanar Jjitito  YZ -3pisy -); W =10cm- aneprypa 31II.

-3pizy -
2. VY3romxyBanbHa IHAYKTUBHICTb:
ne.
3. AKTUBHa CKJIaI0Ba OIIOPY BUIIPOMiHIOBAaHHS IIPY PE30HAHCI:
ae ;.

Q

4. Enextpnuna Qe Ta aKyCTHYHA
TIepeTBOpIOBaYa:

5. OnruMansHe 3HaYEHHS OTIOPY HaBaHTa)XCHHS a00 TeHepaTopa:

6. KoediuieHT y3ro[pkeHHs 3yCTPiYHO-LITUPOBOTO IEPETBOPIOBAYA:

JOOPOTHOCTI 3yCTPiUHO-IITHPOBOIO

7 Koedimientn BinourTs [TAX B, , IPOXOJKEHHS By, 1 MOTIMHAHHS By,
3.3.2.MeToauka po3paxyHKy aKycTOeJeKTPHYHHX NapaMeTpiB
anoiM30BaAHOr0 3yCTPiYHO-IITHPOBOIO MepeTBOPIOBAYA
1.CTaTn4Ha EMHICTD 3yCTPIYHO-IITHPOBOTO IIEPETBOPIOBAYA:
ne ; k=0,08.
2.¥Y3romKyBaibHa IHAYKTUBHICTb:
3. AKTUBHA CKJIaJI0Ba OIIOPY BUIIPOMIHIOBAaHHS IIPU PE30HAHCI:

4.EnexktpuuHa Qg Ta aKyCTUYHA Q JOOPOTHOCTI  3yCTPIYHO-IITUPOBOTO
MepEeTBOPIOBAYA:

5. OnTuManbHe 3HaY€HHS OMOPY HAaBaHTaXKEHHs abo reHeparopa:

6. KoeilieHT y3ro/KeHHs 3y CTPIYHO-IIITHPOBOTO MEPETBOPIOBAYA!

7.Koediuientu Bindutrs [TAX By , IPOXOJKCHHS By 1 IOTJIMHAHHS By
8. [Micis po3paxynky mapamerpi 31LIT moxkHa BH3HAYATH:

- piBE€Hb IOMHJIKOBOTO CUTHAIY (QiIBTpY:

- CyMapHi BHECEHI BTpaTH :

Pesynpratu po3paxyHKy 3BefieHi B TaOmmIfio 3.3.

Ta6auns 3.3
PesynabraTi po3paxynky napamertpiB ¢inbrpa na [TAX
BucHoBkHn

1. Po3pobieHa Ta gocmimpkeHa ¢iznko-maremMarnina Mozienb (insrpa Ha [TAX Ha OCHOBI
(bi3uyHOT MOJIeNi AUCKPETHUX JKEpEJ CUTHAIIB Ta 3 anoju3ailiero nepersoprosaya [TAX 3rigHo
¢yHii XeMmMiHra, ska J03BOJNIMIA pPO3PaxyBaTH aMIUTITyAHO-4aCTOTHY Ta (ha304acTOTHY
xapakrepucTuku (Qinsrpa. Ha OCHOBI METOAMKH 1HXKCHEPHOTO pPO3PAaxXyHKY BH3HAYCHO
KOHCTPYKTHBHI Ta aKyCTOoeIeKTpH4Hi mapamerpH ¢inbrpa Ha [TAX (Tabmums 3.3).

2. I3 pe3ynbrariB po3paxyHKiB BUILUIMBAE, IO [IEHTPAIbHA YacTOTa (iIbTPa BUSHAYAETHCS
BHKIIIOYHO TEPiOIOM 3YCTPIYHO-IITHPOBUX IEPETBOPIOBAYIB, a CMyra MpPOIYCKaHHs, PIBCHb
OIYHUX TIENIOCTKIB Ta KOE(DII[ieHT MPSAMOKYTHOCTI aMILTITYZHO-YaCTOTHOI XapaKTePHCTHKU
3aJIekaTh BiJl uuciia, GOpMH Ta B3aEMHOTO NoJjokeHHs exekrpozis 3III.

3. Huspkmii piBeHp OmmkHBOrO OiyHOrO memocTka AUX oTpuMaHO B pe3yibTarti
onTUManbHOro BuOOpY mapamerpa amnomusauii £=0,08 Ta BHUKOpUCTAaHHSAM HEaNoOJU30BaHOIO
3MITI, uucno eNeKTpoaiB SKOTo y 2 pa3u MeHIIe Yy nopiBHsAHHI 3 anoauzoBanuM 3IIT. B takiii
koMOiHalii TepeTBOpIOBayiB Iepmuii Hynmb KoedimieHta mepeaadi oxHopigHoro 3ILIIT
IIPUXOAUTHCS Ha NeplInid 61uHMil MakcUMyM KoedinieHTa nepenadi anoauzosanoro 3IIIT, Tomy
piBeHb OIYHUX TMENFOCTKIB 3HAYHO 3HHKYETHCS.

4. CymapHi BTpaTH Ha LEHTPAJbHIH YacTOTI B OCHOBHOMY BH3HAYaIOTHCS AKTUBHOIO
CKJIQJIOBOIO OTIOPY BHUIIPOMIHIOBAHHS 3yCTPIYHO-IITHPOBUX IEPETBOPIOBAYIB, SKa 3aJEXKHUTH BiJ
koe(ilieHTa eJIeKTPOMArHiTHOTO 3B’SI3KYy, KOHCTpYKTUBHUX napametpiB 3IIT ta koedimieHTiB
Y3TOJDKEHOCTI IX 3 OITOPOM HABaHTAXKEHHSI.
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4. EKCHEPUMEHTAJIbBHA YACTHUHA
4.1.CTpyKTypHa cXeMa YCTAHOBKH /ISl 10CJTi/IZKEHHSI CMYTOBOIO
(diabTpa HA NOBepPXHEBMX AKYCTHYHUX XBUJISX
Ha puc. 4.1. mpencraBieHa CTpyKTypHa CXeMa YCTaHOBKHM Ui mochimkeHHs AUX Ta
komIuiekcHux omopiB 3IIII. YV Tabnumi 4.1 npencraBieHi OCHOBHI HapaMeTpH BUMIpIOBaIbHOI
arnaparypu, 10 BAKOPUCTOBYEThCS B IIPOLIeCi BUMIpIOBaHHS mapaMeTpiB ¢inbsrpa Ha [TAX.
Puc. 4.1. CTpyKTypHa cXeMa YCTAHOBKH J0CJIi/IZKeHHHS
aKyCcTOeJIeKTPHMYHHUX napaMeTpiB ginbTpa Ha ITAX
Hus nocmimxenns AUX ¢insrpa Ha TTAX Bxigauit 31T migkmrouaeTbes A0 BHXOAY
npunany ans gociipkeHHs AUX X1-48, a uxigauid 3T — no mizcumoaya Y3-33, Buxin
SKOTO IIJKIIOUaeThCsl 10 Bxody npmiany X1-48. Yacroromip U3-34 no3Boisie BUMiproBaTé
YacTOTY BXIIHOTO Ta BUX1THOTO CUTHAIY.
3’eqnanHs npuianiB i ¢inbTpa Ha [TAX 31ilCHIOETBCS 32 JONOMOTOK KOAKCiaJbHUX
KabeiB Ta KOaKCialbHUX MEPEXO/IiB, 10 BXOASTh Y KOMIUIEKT BUMIPIOBAILHUX TIPUIIAIIB.
BuMmiproBaHHS KOMIUIEKCHHX oOIopiB BXimHoro i Buximporo 3IIIT ¢imsrpa Ha ITAX
3MMCHIOEThCS 3a JONOMOIOI0 BHMIpIOBada KOMIUIEKCHUX KkoedilieHTiB nepenadi P4-11.

KomriiekcHuit omip po3paxoByeThes 3a GOpMyIaMHu: Z=Z,(R+jX) , e Zy . XBUJIbOBHH OIIip

BUMipIoBabHOTO TpakTy (50 OM); R — 3HaueHHs aKTHBHOI CKIIaZOBOI OHOpPY BHIIPOMiHIOBAHHS,
sIKE BUPAXOBYETHCS 10 KOy CTaaux R Ha miarpami iMmemanciB; X — 3HaY€HHS PEaKTHBHOI
CKJI&JIOBOi OIIOpPY BHUIPOMIHIOBAHHSI, IO BiAPAaXOBYEThCS 32 KPUBUMH CTanux X Ha jaiarpami
iMnenaHcis.
Ta6auus 4.1
ITapamMeTpu BUMipIOBAJIBLHOI anapaTypu

Hus nocmimkenns AUX ¢inerpa Ha TTAX Bxigauit 31T migkmroyaeTbes A0 BHXOAY
npunany ans gociipkeHHs AUX X1-48, a uxigauid 3LIIT — no mizcumoBaya Y3-33, Buxin
SIKOTO TIJIKITIOUAEeThCsl 10 BXxomy mpuiany X1-48. Yacroromip Y3-34 nmo3Bojsie BUMIpIOBATH
YacTOTYy BXiTHOTO Ta BUXIJTHOTO CUTHAIY.

3’eqnanHs npwianiB i ¢inbTpa Ha [TAX 31iCHIOETBCS 32 JONOMOTOK KOAKCiaJbHUX
KabeJliB Ta KOaKCiabHUX MEPEXO/IiB, 0 BXOASTh Y KOMIUIEKT BUMIPIOBAILHUX TIPUIIAIIB.

BumiproBaHHS KOMIUIEKCHHX oOIopiB BXimHoro i Buximporo 3IIIT ¢imsrpa Ha ITAX
3MIIHCHIOETBCS 332 JIONIOMOTOK BHMIipIOBauya KOMIUIEKCHUX KoedilieHTiB mnepenaui P4-11.

N . Z=Z,(R+jX) Z, .o
KoMmriekcHu omip po3paxoBYeThCS 33 (hOPMYITaMH: , Ie 0 - XBUJIbOBHUH omip

BUMIpIOBaIbHOTO TpakTy (50 Om); R — 3HAauCHHsI aKTHBHOI CKJIAI0BOI OMOPY BUIPOMIHIOBAHHS,
sIKE BHPaXOBYETLCA 110 KONy crajiux R Ha miarpami immepanciB; X — 3HaueHHS pEakTHBHOI

CKJIQJIOBOi OIOPY BUIIPOMIHIOBAHHS, IO BiJPaxOBY€THCS 32 KPUBUMHU cranux X Ha Jaiarpami
iMmneaaHciB.

€wmmuictp 3T po3paxoByBanach 3rifHO GOPMYIH C =1/27 /X . [Ipu upoMy moxubOka

BUMIPIOBaHHsI IIOBHOT'O OTIOPY Z Ta BU3HAYEHHS EMHOCTI G He BUXOMUTS 3a Mexi +£(15-20) %
BiJl OTPUMAHOTO PE3yJbTaTY .

IMoxubka BumiptoBanHs ammutityau ( mpu KCBH=1.4 ) me mepesumye +(0.4+0.1)A, ne
A — BiTHOCHa aMIUTITy#Aa y BHMIpIOBaHIH Todmi B JenmOenax, TOOTO MaKCHMaJbHa NOXHOKa
BUMIpIOBaHHs 3racaHHs (Qinsrpa ckimagae He Oinbme 1,5 1b. YacToTa BHCOKOYaCTOTHOTO
CHTHAy BHUMIpPIOEThCA €IEKTPOHHMM YacTOTOMIpoM yHiBepcanmbHEM Y3-54 3 BiZHOCHOIO
noXubKow y < + (yo + 1/(f - teu), 1€ Yo = * 8- 107 — BigHOCHA MOXKOKA KBAPLIOBOTO OMOPHOTO
TeHeparopa 4acToToMipa; f— BUMipioBaHa 4acToTa B ['I; fcy —Yac MipaxyHKy B CEKyHJIax.
BigHocHa moxubka gactoroMipa He nepeBuirye 10 %.

4.2. Pe3yJIbTaTH eKcNePUMEHTAJILHUX A0CTiIKeHb QiIbTPiB HA OBEPXHEBUX
AKYCTHYHHX XBHJIAX

ExcriepuMeHTalbHl  JIOCHIDKEHHS MPOBOJWIMCH UL TPbOX (UIBTPIB  iAEHTUYHOL

KOHCTPYKIIi1. Pe3ynbpraTi eKCriepuMeHTaIbHUX A0CITIKCHb TIPUBENCHO B Ta0bmuIsx 4.2 ta 4.3.
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CX0XiCTb

Tabauuns 4.2
Pe3ysibTaTH BUMipIOBaHHS KoMILIeKcHHX onopis 31T
Tabmuws 4.3
PesynbraTi AoCHiIKEHHS] aMILIITYIHO-4ACTOTHUX XapaKTePUCTUK (PLIbLTPIB
IIpn  mocmifkeHHI  aMIUTITYIHO-4aCTOTHMX  XapaKTepUCTUK OTPUMAHO  3HAYEHHS
LIEHTPAJILHOI YaCTOTH CMYTHU TPOIyCKaHHs QiIBTPiB BianoBigHo: 68,14 MI'n; 67,95 MI'n ; 69,20
MTI'n. Cmyra nponyckanHs GinbTpiB Ha piBHI -3 nb cknagae BigmosinHo: 1,14 MI'n ; 0,92 MI' ;
1,20 Mru. Buocumi Brpati Qinsrpis ckianatoth BinnosinHo: 18,3 ab; 17,5 nb; 17,7 nb.
Po3ku mapaMeTpiB po3paxoByBCs 3TiHO GOPMYIIH:.
ne Freop, — pO3paxyHKOBe 3Ha4eHHS napamerpa; Fexcnep=( Fi+F:+...+F+F, )/n ; F; - 3HaueHHs
€KCIIEPUMEHTAJILHO OTPUMAHOTO NapaMeTpa i-Io 3pa3ka; # — KiIbKiCTh BUPOOiB.

PesynbraTi ekcriepuMEHTaAIBHUX JOCTIIKEHD OKa3yI0Th, 1110 apametpu [TAX-(inbTpiB
HE BUXOJATH 32 MEXI JIOIYCTUMHUX BiIXHUJICHb, 3aJaHUX B TEXHIYHOMY 3aBIaHHI 1 BiAPI3HAIOTHCS
He Oinbie 15-20% Bin po3paxyHKOBUX, IO MiATBEPAXKYE MPUAATHICTH PO3POOIEHOI METOAUKH
JUTSL pO3pPaxyHKy CMYTOBUX (UIBTPIB HA MOBEPXHEBUX aKYCTHIHUX XBUIISX.

BucHoBKwM

YcraHOoBKa Ui GKCIIEPUMEHTAJILHOTO  JIOCHI/DKEHHS — mMapaMeTpiB  QinbTpa Ha
MTOBEPXHEBUX aKyCTUYHHMX XBHJISIX MOOYyIOBa Ha 0a3i CTAaHIAPTHOI BUMIPIOBAJBHOI amapaTypH i
JIO3BOJISIE BU3HAYATH OCHOBHI €JICKTPUYHI ITApaMeTpH MPUCTPOIO: IIEHTPAJIbHY YacToTy, CyMapHi
BTpaTH Ha IEHTPAIBHIA YacTOTi, CMyTy HPOIYCKaHHs; KO(DII[IEHT MPSIMOKYTHOCTI, BHOCHME
3aTyXaHHs [IEPIIOTo OIYHOTO IIeNTIOCTKA.

PesynbraTi ekcrniepuMEHTANbHUX JociikeHb (Tabmumi 4.2 ta 4.3) mokasyrTbh, IO
napametpu [TAX-inpTpiB He BUXOAATH 32 MEXKi JOMYCTUMHX BiXUJICHD, 3aJAHUX B TEXHITHOMY
3aBJaHHI 1 BiIpi3HAIOThCA He Oinbe 15-20 % Bix po3paxyHKOBUX.

BUCHOBKMHA
1. Ommsig HayKOBO-TEXHIYHOI JIiTepaTypd MOAO (YyHKIIOHANFHHX HPHCTPOIB Ha
noBepxHeBux akycTHyHuX XBWIAX (ITAX) minTBepauB NEpCHEKTHBHICTH X PO3pOOKH A
CTBOPCHHS, KOJyBaHHS, 3aTpHUMKH, YacTOTHOI (inbTparii Ta MiJACHICHHS paJiOCUTHAIB.
BukopucraHHs amomm3amii  eJICKTPOMIB  3YCTPIYHO-IITHPOBHX IEPETBOPIOBAYIB  JO3BOIISIE
3MIHIOBAaTH XapaKTEPUCTHKU (QYHKI[IOHATBHUX NPUCTPOiB Ha [TAX, 10 3HAUYHO PO3IIUPIOE
rajy3i 3aCTOCYBaHHS IIUX IIPUCTPOIB.

2. Jocmimkena disuko-MaTeMaTH4Ha MOJETb cMyroBoro ¢imstpa Ha IIAX 3
BUKOPUCTAHHSM amoAu3alii YacTOTHO3aJaBalbHOTO 3YCTPIYHO-LITHPOBOIO IEPETBOPIOBaYaA
3riqHo (yHKOii XeMMIHTY, JOCIIKCHO aMILTITyAHO-4aCTOTHI 1 ()a309acTOTHI XapaKTePHCTHKI
3YCTpIYHO-IITUPOBUX TEpPETBOpIOBadiB Ta (inbrpa. JloCHi/KeHHs MOKaszand, Mo JUIs
3a0e3neueHHs 3aJJaHrX MapaMeTpiB HEOOX1THO BUKOPUCTAHHS arou3allil eJeKTPOAIB 3yCTPiYHO-
IITEPOBOTO MePEeTBOPIOBaYa 3rifHO (QyHKIIT XeMMiHTy 3 mapameTpoM amoau3anii k=0,08.

3. 3rigHO 3 PO3poOICHUX METOAMK PO3PAaXOBaHI KOHCTPYKTUBHI Ta aKyCTOENEKTPUUHI
napameTpu ¢inbTpa Ha I[TAX Ha 6a3i 3BykompoBoja i3 HioOar JiTito YZ- 3pi3y: HeHTpasibHa
vactora fo = 69,76 MI'l; cMyra mporyckanHs Ha pisai -3 15 Af; ¢ 1,0 MI'n; koedirient
HpsIMOKYTHOCTI 10 piBHaM (10/3) Kn=1,78 .

4. Po3po0neHo CTPYKTYpHY CXeMy YCTaHOBKH Ta TIPOBEIEHO eKCIIepUMEHTAbHI
JociimkeHHss 3-x 3paskiB cmyroBoro ¢inerpa Ha IIAX 3a nmomomororw craHAapTHOI
BUMIpIOBaNIbHOT amapaTypd. Pe3ynpTaTd eKCIIepUMEHTAIbHUX IOCHTIKEHb II0Ka3ylOTh, IO
napamerpu [TAX-(UTBTpiB HEe BUXOAATE 338 MEXi JTOIMYCTUMUX BiJXHJICHb, 3aJJAHUX B TEXHIYHOMY
3aBJaHHI 1 BiJpI3HAIOTBCS He Oumbmie 15-20 % BiX pPO3paxyHKOBHX, ILIO HiITBEPIKYE
MPUJATHICTh PO3POOTICHUX METOAMK I PO3paxyHKy CMYTroBHX (IJIBTPIB Ha HMOBEPXHEBHX
AKyCTHYHUX XBUJISIX.

5. Po3po6neHa KOHCTPYKTOPChKA IOKYMEHTAIlisl Ha eKCIIEPUMEHTAIbHUN 3pa3oK (ijasTpa
Ha TIOBEPXHEBHUX AaKyCTUYHHMX XBWJISAX, TEXHOJOTiIYHI TPOIECH BUTOTOBJIEHHS IHTETPAbHUX
MIKpOCXeM NPHUAATHI TaKoX 1 1t mpucTpoiB Ha [TAX.

- LntaTta
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