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PEDOEPAT

JliHifl 3aTPUMKH BHCOKOYACTOTHUX CHTHAMIB / Maricrepchka aucepraris
31 criemanbHOCTI 171— Ejexkrponika cnemianizanii «EjJekTpoHHI npuiaaam Ta
npuctpoi». Pemernuk A.O. HTYY «KIII imeni Irops Cikopcbkoro». ®akynbTer
eJIEKTPOHIKH, Kadeapa eNeKTPOHHUX MpuiaaiB Ta npuctpois. ['pyma JAE-71MII. —

K.: HTYY «KIII imeni Iropst Cikopebkoro», 2018. —79 c¢. 1. 15, Tabin.8.

KirouoBi caoBa: [IAX — nmoBepxHeBi akycTuuHi xBuiii; OAX — 00’eMHi
akyctuuHi xBwil; AUX — aMmmunTyaHO-4acTOTHa Xapakrepuctuka, dUX —
dazouactorHa xapakrepuctuka; JIUM — miHiltHO-uacToTHa Momyssis; PJIC —
pamionokariiitna ctaniis, HBY — HaaBucoki 4acToTu.

Koporkuii 3mict pobGoru: IlpencraBieHo pe3ynbraTd po3poOKH JIiHIL
3aTPUMKHM Ha noBepxHeBUX akycTUyHUX XBUisx (IIAX) 3 3arpumkoro 1,8 mkc Ha
HeHTpaybHii yactoTi 50 MI'1, 3 mmpuHoto cMyru nponyckanus 4,0 MI'1 Ha piBHI

— 3 nb Ta mpuBHECeHHMHU BTpaTaMu Ha OCHOBHIH dactoTi 13 nb.

[IpuBeneHo pe3ynpTaTé po3pOOKH Ta JOCHIIKEHHS MaTeMaTU4YHOI MOJENI
JI3 na ITAX Ha OCHOBI JUCKPETHUX JDKEpEI Ta METOAUKY I1HXEHEPHOTO
pPO3paxyHKy JIiHII 3aTpUMKH, sKa JO03BOJIS€ BH3HAYaTH KOHCTPYKTHBHI Ta

aKyCTOEJIEKTPUYHI TapaMETPH.

Excniepumentanshi nocmimkenns 4-x 3paskiB JI3 na [TAX mpoeneHno 3a
JIOIIOMOTI' 00 CTaHapTHOI BUMIPIOBAJIbHOI araparypu. 3Ha4YEeHHS
€KCIIEPUMEHTAJIbHO OTPUMAHUX NAapaMETPIB BiJl PO3PAXyHKOBUX BIJIPI3HIIOTHCS HE
outbme £10,0 %, 10 WATBEPIKYE MNPUAATHICTH PO3POOJIECHOT METOIUKU IS

po3paxyHky JI3 Ha [TAX, siki BUKOPUCTOBYIOTHCS B PaIlOCIEKTPOHHUX CUCTEMAX.



AHOTANIA
B marictepcekiii  poOOTI TPEACTaBICHO pe3yJbTaTH PO3POOKH  JIiHIT
3aTpUMKHU Ha moBepxHeBHX akycTHuyHUX XBWIIX (ITAX) 3 3aTpumkoro 1,8 Mkc Ha
HeHTpaabHik yactoti 50 MI'1, 3 mupunoro cmyru nponyckands 4,0 MI't Ha piBHI

— 3 nb Ta mpuBHECEHUMHU BTpaTaMu Ha OCHOBHIM yactoTi 13 nb.

[IpuBeneHo pe3yiabTaTH PO3POOKH Ta JOCHIIKEHHS MAaTeMaTWYHOI MO
JI3 ma TIAX Ha OCHOBI JUCKPETHHMX JDKEpeNl Ta METOAMKA 1HKEHEPHOTO
pO3paxyHKy JIiHII 3aTpPUMKH, sKa JO3BOJISE BH3HAYaTH KOHCTPYKTHBHI Ta

aKyCTOEJIEKTPUYHI MapaMeTpH.

Excnepumenrtanbhi gocnimkenHs: 4-x 3paskiB JI3 nwa IIAX mpoBeaeno 3a
JIOIIOMOTI' 00 CTaHApPTHOI BUMIPIOBaJIbHOI araparypu. 3HaYEeHHS
EKCIIEPUMEHTAJILHO OTPUMAHUX MTApaMETPIB BiJl PO3PAXyHKOBUX BIJIPI3HIIOTHCS HE
outbme £10,0 %, 10 WATBEPIKYE MNPUIAATHICTH PO3POOJICHOT METOIUKU IS

po3paxynky JI3 Ha [TAX, siki BUKOPUCTOBYIOTHCS B PAI0CIIEKTPOHHUX CHCTEMaX.

SUMMARY
In the master’s project the results of the development of delay line based on
surface - acoustics waves (SAW) with the delay 1,8mcs on the central frequency
50 MHz, with the bandwidth 4,0 MHz on the level — 3 dB and the insertion losses
on the fundamental frequency 13 dB are presented.

The results of development and research of mathematical model of delay
line on SAW on the base of discrete sources and methodic of engineering
calculation of delay line which mades it possible to evaluate the constructional and
acoustic-electronical parameters are submitted.

The experimental researchs of 4 samples of delay line on SAW were
obtained with helping of standard measuring equipments . The experimentally
determined and calculated parameters differ from each other on not more than
+10%, which confirms the applicability of the developed methodic for calculation
of delay lines on SAW, which are used in the radio-electronical systems.
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HEPEJIIK YMOBHUX IIO3HAYEHD

[TAX — moBepXHEB1 aKyCTUYHI XBHII

OAX — 00’eMH1 aKyCTUYHI XBHJII

AUYX — aMIJIiTyIHO-4aCTOTHA XapaKTEPUCTUKA
OUX — ¢pazoyacToTHA XapaKTEPUCTHKA

JIUM — niHIHHO-9aCTOTHA MOTYJISITS

PJIC — panmionokarriiiHa cTaHIIis

HBY — naaBucoki 4acTOTH



BCTYII

OyHKIIOHANBHI TPUCTPOi Ha MOBepXHeBUX akycTHuHuX XBWIAX ([TAX),
HaOyBalOTh BCE OUIBINIOI  aKTyalbHOCTI. HaHIMepCcrneKTUBHINIOW  raay33io
3aCTOCYBAaHHA IIUX MPHUCTPOIB € CUCTEMH OOpOoOKH iHQOpMaIll B pI3HOMaHITHHX
rajgy3sx Cy4acHOl TEXHIKH- paJllOTeXHill, TeiaebadyeHHl, 3B’sA3Ky, 1HGOpMAaTHIIi,

CEMCMOJIOTII TOIIIO.

[ToBepxHEeBl aKyCTHUHI XBWJIl SBJSIOTH 1HTEpEC ISl 3aCTOCYBaHHS iX Y
cucremMax 0oOpoOku iH(opMallii 3aBASKH IXHIM YHIKaJIbHHUM BJIACTHBOCTSIM, IIO
3a0€3Meuyl0Th CTBOPEHHS ()YHKILIOHAJIBHUX MPUCTPOIB MAIMX PO3MIPIB, BUCOKHX
CJICKTPUYHUX MapaMeTpiB 1 HAAIHHOCTI 3 BUKOPUCTAHHSIM TPAAUIIAHOI TEXHOJIOT11

MIKpPOEJIEKTPOHIKH.

Hacamnepen I[TAX MaroTh HU3bKY HIBUAKICTh NOIIMPEHHS MOPIBHSIHO 3
CJIEKTPOMATHITHUMH XBHJIIMH. 3aBISKH boMy moBxuHa [TAX mpuGiusso B 10°
MEHIIIA BiJl €JIEKTPOMArHiTHUX XBHJIb Ti€l caMOi 4acTOTH, TOMY (YHKIIOHAJIbHI
npucTtpoi Ha ITAX MaroTh 3HAYHO MEHIIl PO3MIPU U Macy, HIXK €JIEKTPOMarHiTH1

IIPUCTPOL.

OCK1JIbKM MTOBEPXHEBA XBUJISI MOLIMPIOETHCS B3JIOBXK MOBEPXHI TBEPJOTO Tia
1 JIOKaJli30BaHa 1moom3y ii MOBEPXHi, TO HEIO MOXKHA KEPYBATH B OY/b-SIKIi TOUIII
nuiaxy. lle Jgae  mmMpoki MOMIMBOCTI  JJIi  CTBOPEHHS  PI3HOMAaHITHHX

(yHKL10HAJIBHUX NPUCTPOIB.

[lepcnextuBHicTh mpucTpoiB Ha I[IAX  BH3HAYAETHCS TAKOXK BHUCOKOIO
JIOOPOTHICTIO M CTaOIIBHICTIO M’ €30KPUCTANIB, TEXHOJIOTIYHICTIO BUTOTOBJICHHS,
HasBHICTIO €(EeKTHUBHUX METOIiB 30yxaeHHs Ta npuiiManHa [TAX, mpoctoToro
y3rojpkeHHs eneMmeHTiB Ha I[IAX 13 enmektpoHHUMH TmpucTposmu. [lpm ix
BUTOTOBJIEHHI BHKOPHUCTOBYIOTHCS Cy4acHl TEXHOJOTIYHI METOIW, IO 1 MpHU
BUPOOHMIITBI TUTAHAPHUX IHTETPAIBHUX MIKPOCXEM: TEPMOBAKyyMHE HAIUJICHHS
TOHKUX METAJIEBUX, [ICNEKTPUYHUX Ta HAIMIBIPOBIIHUKOBUX IUIIBOK, METOIU

npenu3iiHoi  Qoromrtorpadii. CxemMHa, KOHCTPYKTHMBHA M  TEXHOJOTIYHA



cyMicHicTh mpuctpoiB Ha [IAX 3 mmaHapHUMH MIKpOCXeMaMu BH3HAYalOTh

MIEPCTIIEKTHUBH X BIIPOBAHKCHHS B MIKPOCIICKTPOHHY armaparypy.

Enementn Ta mpuctpoi Ha I[IAX, ski peani3yloTh PI3HOMaHITHI omeparrii
OOpOOKM PpaTiOCUTHAIOB, 3HAXOSATh IIUPOKE BUKOPUCTAHHA B PI3HOMAHITHUX
0o0JlacTSIX CydacHOI TEXHIKM: paiOeJeKTPOHUIl, AaBTOMATHIN, TeleOaueHHl,
pasionokariii, BUMIproBajabHIM TexHMI Tomio. JIiHii 3aTpuMku Ha [TAX OuIbId
TEXHOJOTIYHI Yy TOpPIBHAHHI 3 00’ €MHO-XBWJIBOBUMHU JIHISIMUA 3aTPUMKH.
['eneparopu Ha IIAX mpamoTh Bl OJAMHMIIL JO THUCSY Merarepiy 0e3
NOMHOKEHHS 4acToTu. PunbTpu Ha [TAX MaroTh BUCOKY CTaOUIBHICTh MapaMeTpiB
1 Masi po3mipu. Ha ocHOBI JMHIN 3aTpUMKH 3 OaraTbma B1JIBOJIaMHU BUTOTOBJISIIOTh

Gb1IBTpH CTUCHEHHS (pa30MOTYILOBAHUX CUTHAMIB.

3BUYAITHO JOBXXHMHA KPUCTAIIYHOL MAKIaAKu He nepeBuinye 10 cM. OCKUIbKH
BUHUKAIOTh TPYAHOLII 1 B OZIEpKaHHi, 1 B 00poO11l 3pa3KiB BEJIUKOI JOBKUHU, TOMY
MaKCHUMaJjbHa 3aTpUMKa IIPU OAHOMY 3BYKOIPOBO/I1I CTAaHOBUThH NPUOIU3HO 25 MKC
mis LINDO; Ta BipGeOy. st cTBOpeHHs JiHINA TpHBaiol 3aTPUMKH MOXHA
MOCHIJIOBHO 00’€IHAaTH JEKUIbKAa BIIHOCHO KOPOTKHUX JIIHIM 3aTpUMKH 3

PO3MOAUTEYMMU TACUITIOBAYaMHU JJIS T1IBUILEHHS PI1BHS CUTHATY.

3aBgaHHsIM poOOTH € po3poOKa METOAMKH PO3PaXyHKY KOHCTPYKTHBHHX Ta
aKyCTOEJIEKTPUYHUX MapaMeTpiB Ta KOHCTPYKLII JIHIi 3aTPUMKH Ha MOBEPXHEBUX

AKYCTUYHHUX XBWIAX 3 HACTYIIHUMMU IMapaMCTpaMM:

- 4yac 3aTpUMKH 1,8 MKC;
- neaTpanbHa yactora — 50,0 MI'1;
- cMyra nponyckanHs Ha piBHi — 3,0 1b - 4,0 MI';

- MPUBHECEH1 BTPATH HA OCHOBHIN 4acToTi He Ounbiie 15 ab.



1. OTJISAJ, HAYKOBO -TEXHIYHOI JITEPATYPU

OyHKIIIOHATBHI TPUCTPOi HA AKYCTHYHIX XBUJISAX IMOAUISIOTHCS Ha 1Bl OCHOBHI TPYIH BiATOBIAHO 10 (Qi3MIHUX
NPUHLUIIB iXHBOI Aii: nprcTpoi Ha 00'eMHMX akycTHUHHX XBHIIX (OAX) Ta Ha MOBEPXHEBUX aKyCTHYHUX

xpwrax (ITAX) [1...12].

Jo npuctpoiB Ha OAX HanexaTh By3bKOCMYTOBI (PE€30HATOPHI) Ta ITUPOKOCMYTOBI TBEPIOTLIBHI JiHii
3aTPUMKH Ha 00'€MHHX aKyCTHYHHX XBHJISX, IPUCTPOT 3aram'sTOBYBaHHS YaCTOTH, TeHEPaTOPH Ha 00'€MHHUX
aKyCTHYHUX XBWISIX. BepxHs Mexka Jianma3oHy 4acToT po3po0IeHUX MPOMHCIOBUX 3pa3KiB JIiHIH 3aTPUMKH Ha
OAX mocsirae 16 I'T. MakcumanbHI 3HAYSHHS 9acy 3aTPUMKH IOCSTAIOTh JECITKIB i COTEHb MIKPOCEKYHI y
pexumi permpkysmii, MiniMansHi — 0,1...0,5 Mmkc. CymapHi nmepenrkonu ckinanaoTs 3...10 g6/mMkc y
neruMetpoBoMy Ta 10...20 nb/Mkc y canTuMeTpoBoMy nianazonax. OCHOBHA TeHAeHIIis po3BuTky TJI3 mosnsrae
B 3HIDKCHHI BTPAT, SIKI BHOCATHCSI, MiBUIICHHI Jiana3oHy poOOYHX 4acTOT i 301IbILIEHH] IPUIYIICHHS

“mapasuTHENX”’ curHamB [1, 3, 5].

Brpatu JI3 nma OAX ckimanamThCsi 3 TOJIBOEHUX BTpPAT MEPETBOPEHHS,
JU(pakIitHUX BTPAT B Pe3yJibTaTl PO3IMIMPEHHS aKyCTHYHOTO MPOMEHS M BTpar
Ha TOMIMHAHHS AaKyCTHMYHOI XBHJII TPH PO3MOBCIOJKEHHI MO 3BYKOIPOBOY.
HMudpakuiiiaumu BTpaTamMu B Jiana3oHi HajaBucokux uactoT (HBY) wmoskHa
3HEXTYBaTH, OCKUIbKHM BOHM CKJAJAl0Th BEJIUYUHY MOPSIAKY KUIBKOX JCIUOEIIB.
Brpatu meperBopeHHsI B CepiiHMX Mpuiiafax AOPiBHIOIOTH 16...25 16, a mutome
3aTyXaHHS aKyCTUYHUX XBHJIb Y MOHOKpHCTamyHuX MaTtepianax — 0,1...0,2 nb/mke
Ha vactoTi 1ITm 1 7..8 ab/mMkc mnst 3cyBHMX XBuiab ab6o 16..20 n6/mxc s
MO3JIOBKHUX XBWIb HAa yacToTi 10I'TI nms MarHiii-aatoMiHIEBOT IIMMHENI 1 1Tpii-

QJIFOM1HIEBOTO rpaHarTa.

Onun 13 HaBaxuBimux napamerpiB JI3 Ha OAX — piBeHb NPHUAYIICHHS
“mapa3uTHUX’ CUTHAJIB. Hampukian, mpyu MaaoMy 4aci 3aTpUMKH HAMCYTTEBIITUM
€ TpsIME MPOXO/KEHHS €JEKTPOMArHiTHOTO BUIPOMIHIOBAaHHS 3 BXOAY Ha BUXIJ
JI3, a Takok mosiBa OaraTONMPOJITHUX CHUTHAJIB, IOB'S3aHMX 3 IIOMAJaHHAM Ha
BUX1Jl JIIHII 3aTPUMKH aKyCTUYHOTO CUTHAJTY, MOCIIJOBHO BiJIOMTOrO BiJl TOPIIiB
kpuctany. [lpocouyBaHHS BHUNPOMIHIOBAHHS MPUAYIIYETHCS  3MEHIICHHSIM

MPOXITHOT EMHOCTI, IO JOCSTAETHCS PETETbHUM EKpaHyBaHHSM BXIJHOTO Ta



BUXIJTHOTO TEPETBOPIOBAYIB a00 iXHIM MPOCTOPOBUM PO3HECEHHSM 3a PaxXyHOK

BHOOPY MaTepiary 3BYKOIPOBO/IA 3 OLTBIIOI0 MIBUAKICTIO AKyCTUYHUX XBHUITb.

[IpuaymieHHs: 6araTonpoiTHUX CUTHAIIB JIOCATA€THCS BUOOPOM KOHCTPYKIIIT
JI3 Ta wmarepiasly 3BaKONpOBOAA, SKI 3a0€3MedYyroTh 3MEHIIEHHS BTpaT Ha
PO3MOBCIO/KEHHST 1 3aJIOBUIbHE AaKyCTUYHE Y3TOJDKEHHS TIEpPEeTBOPIOBAYIB 3

3BYKOIIPOBOJOM.

3 MeTo  JIOCHI[DKEHHS  MEPCIEeKTHUBHUX  CIOCOOIB  MPUIYLICHHS
0araTonpoyiTHUX CHUTHATIB po3po0seHl e(EKTUBHI NPUHOMH IPHUAYIICHHS
0araTonpoJITHUX CHUTHAJIB 32 PAXyHOK 3HWKEHHS BIAOMBAHHS aKyCTUYHOIO
IPOMEHsI BIJ IIOPCTKOI MOBEPXHI TOPIS 3BYKONpoBojaa. Po3poliieHuii Meton
JTIO3BOJIMB 30UTBIIUTH TPUAYIICHHS 0araTonmpoJiTHUX CUTHAIIB JCIIMMETPOBOIO

niama3ony 3 1...4 ab no 10...12 ab [1].

AxkyctuuHi JI3 crtanu ocHOBOrO s po3poOku reHeparopiB Ha OAX Ta
IPUCTPOIB 3amaM'ssTOByBaHHS YacCTOTH, IO SIBJISIOTH COOOI0 aKTHBHI €JIEKTPOHHI
IPUCTPOI 3 30BHIMIHIM 3BOPOTHIM 3B'SI3KOM. OCHOBHUM BHCOKOJOOpPOTHUM

€JIeMEHTOM Takoro reneparopa € JI3 na OAX.

OynkuioHanbHl npuctpoi Ha OAX 3HAWNUIM HIMPOKE 3aCTOCYBAaHHS B
cucTeMax OOpPTOBOTO W Ha3€MHOTO KOHTPOJIIO, Pa/IlOaTYMKIB BUCOTH 1 TalIbHOCTI,
y TOpuiagax BU3HAYEHHS, 3amam'sTOBYBaHHS ¥ BIATBOPEHHS YacTOTH, CHUCTEM
dbopmyBaHHs i 00poOKM curHaimiB pasmionokamiiaux cranuit (PJIC), a takox y
BUMIPIOBaJIbHIN anaparypi.

IoBepxHeBi npyxHi xBHi B mianasoni 10°... 107 cM Ha3MBAIOTHCS MOBEPXHEBUMH AKYCTHIHAMH XBHISIMH
(ITAX), xo4a iXHi YaCTOTH BiAMOBiNAIOTH 00JacTi yapTpa3ByKy [1...12]. [loBepxHeBi akyCTHYHI XBHJIl MalOTh
psn cnenmdivyHuX BaacTuBocTeil. Hacammepesn, e MOKIMBICTD KEpyBaTH HUMHU Y BCiX 00JIacTAX MOBEPXHI, JIe
BOHH PO3MOBCIOJIKYIOTHCS. [XHS aMIUTITy/1a eKCTIOHEHIIIHHO crajiae i3 rubuHo, Tak mo 90 % eHeprii, sAka
MIEPEHOCUTHCS, 30CEPEPKEHO B MIApi IITMOMHOIO He OLIBII O/IHI€T TOBKMHM XBWIII. 3racaHHsI TAKUX XBHJIb,
3BUYANHO, MaJle, X0ua BOHO 3aJIeKUTh BiJl BUOOPY MaTepiaty, 0COOMMBO Ha BUCOKMX YacToTaX. [TAX
MOIIMPIOIOTHCS 31 MBUAKICTIO 1...5 KM/C , TOOTO MPHUOIM3HO HA I'ATH MOPAKIB HIDKYE, HIXK IIBHIKICT

€JIEKTPOMArHiTHUX XBUIIb, 110 JJO3BOJISIE CTBOPUTH HA IXHIH OCHOBI iHTETpasbHi JiHii 3aTpUMKH. SIKII0 TBEpe



TiJIO Ma€ M'€30€TeKTPUYHI BIacTUBOCTI, [TAX, sika MOMHUPIOETHCS Y3IOBXK HOTO TIOBEPXHI, CYMPOBOIKYETHCS
EJICKTPUYIHHUM TI0JIeM. Y CBOIO UepTy 3MiHHI €JIEKTPUYHI TOJISA, IO MPOHU3YIOTh IT'€30€IEKTPHUK, MPU3BOIATH 10
MOSIBH TIPY>KHUX Ae(opMaIiiif, o MOMUPIOIOTECSA B HOTO 00'eMi. 3a TOTIOMOTOI0 Pi3HUX HEOTHOPITHOCTEH Ha

MOBEPXHI TBEPIOTO Tijla MOXKHA e()eKTUBHO KEPYBATH IIBHKICTIO 1 HATIPSIMKOM MONITHUPEHHS XBHIIL.

BukopuctaHHs NOBEpXHEBUX AaKyCTMYHUX XBWJIb JO3BOJWIO 3HAYHO
pO3MMPUTH  (YHKI[IOHATBHI  MOXJIMBOCTI  aKyCTOEJIEKTPOHHUX IMPHUCTPOIB.
3naunuil iHTepec A0 mpmianiB Ha [TAX 1 mpuckopeHuil pO3BUTOK i€l 00JacTi
JOCTIDKEHb ~ 3YMOBJICHI  BIIOMUMH  OCOOJMBOCTAMH  TIEPETBOPEHHSA U
posnoBcromkeHHs [TAX, a Takoxk ycmixamu (oTO- Ta €IeKTPOHHO-TIPOMEHEBOI
mitorpadgii. B TemepimHi# dYac 1[I NOPUCTPOi MPEACTABJICHI MIUPOKOIO
HOMEHKJIATypOI0  (YHKI[IOHATBHUX  MPHUCTPOIB:  BY3BKOCMY>KHUMH  Ta
HUPOKOCMYXKHUMU ~ puibTpamu, JI3 Ha IIAX, KOMYTYyIOUMMH HPUCTPOSIMU;
pesonaropamu Ha [TAX, mucnepciitnumu Qinbrpamu crucHeHds JIYM-curnany,
IIPUCTPOSIMU 3aIlaM'ITOBYBAHHS ¥ BU3HAYEHHS 4acTOTH, reHeparopamu Ha [IAX,

CHHTE3aTopamMu yacToT touo [1...12].

Haiinpocrima miHis 3atpumku a6o ¢uietp Ha [IAX ckimagarotbes 3
NepeIaBaIbHOrO Ta MPUUMAIIBHOTO MEPETBOPIOBAYIB, SKI PO3MILIEH] Yy OUIBIIOCTI
BUMAQJKIB HA  IOJIPOBAHOMY  ITI'€30€JIEKTPUYHOMY  3BYKOIPOBOMAI,  IIO
TpaHCHOPMYIOTH EIEKTPUYHNN CUTHAJ B aKyCTUYHY XBIJIIO Ha BXOJ1 1 HABMaKy Ha
BUXO/1. Y 3aJI&KHOCTI Bl OCTaBIEHUX BUMOT Yy CTPYKTypy npuctporo Ha [TAX
MOXXYTh OyTH BKJIIOUEHI JOJATKOBI MEpPETBOPIOBAauUl a00 €JIEMEHTH KepyBaHHS.
Ockiibku  OUIBIIICTH TUMNIB mepeTBopioBadiB [IAX MaioTh ABOCHIPSIMOBAHICTD
BUIIPOMIHIOBaHHS, TO ISl TOTO, 00 YHUKHYTH Mapa3uTHOTO BIAOWTTS Ha TOPII
3BYKOIIPOBOAY HAHOCSTH MOTJIMHAIOYI MOKPUTTS. 3 METOI0 3MEHIICHHS BHECEHHX
3aTyxaHb Ha BXOJl 1 BUXOJl npuctporo Ha ITAX 3acTOCOBYIOThCS TMacHBHI
aKTHBHI y3Tojikyroui koJa. [Ipu HeoOXi1qHOCTI 3BYKOITPOBO/T 3 MEPETBOPIOBAYAMH 1

Y3rOJKYIOUMMHU KOJIAaMH, MOXYTh OyTH BUKOHAH1 B 0iHOMY Kopmyci ( Puc.1.1).

OcHoBHUI BHECOK Y (hOPMYBAaHHS aKTUBHUX BJIACTUBOCTEU MPHUCTPOIO Ha

[TAX BHOCSTH 4YaCTOTHO-BHOIPKOBI MPOIIECH TIEPETBOPEHHS XBHJIb Ha BXOMl 1



Buxoai. dopma amnuTyaHO-4acTOTHOI Xapaktepuctuku (AUX) meperBoproBaua
BU3HAYAETHCSI 3aKOHOM 3MIHM TIEPEKPUTTS EJEKTPOAIB abo amoau3allie€ro.
3MIHIOIOYHM T€OMETPII0 MIAHAPHOT CTPYKTYpH, MOkHa popmyBaTu 3amany AUX.
3racanns [IAX npu mommpeHH1 TaKoXX € YaCTOTHO3AJICKHUM, alie IS 3aJIeKHICTh
JUIs1 OUTBIIIOCTI T’ €303JICKTPUKIB BITHOCHO clla0Ka y BChOMY OCHOBHOMY Jliara3oH1
yacToT 1 1i, AK MpaBWJIO, HE BPaxoBYIOTb. Y pe3yibTari (QYyHKIIS Mepenadi
npuctporo Ha [TAX BU3HA4YaeTbCA B OCHOBHOMY TMO€IHAHHIM (DYHKIIN mepenadi

nepeaaBabHUX 1 MPUIMaIbHOTO MEPETBOPIOBAUIB, a TAKOXK Y3TOJKYIOUHX KIJI.

Cepennst yactora npuctpoiB Ha ITAX 3aiexuTh BiJg MHepiofy €IeKTPOAIB
neperBoproBauiB. IlIBuakictes [TAX cknagae 1...5 km/c, TOMy HUXKHS TpaHUIS
poboyoro gianazoHy 3aJ€KHUTh BiJl PO3MIPIB HASIBHUX KPUCTATIB, IO JIJIST YaCTOT
Huwxde 5...10 MI'm mnoBuHHI OyTH HAAMIPHO BENMKMMHU. BepxHsa rpanuus
OoOMeKEeHa MOKJIMBOCTAMM TEXHOJIOT1] BHUIOTOBJEHHS IEPETBOPIOBAYIB 1 MpH
BUKOpPUCTaHHI 3BUYaiHOi mdiTorpadii ckimagae 300...500 MI'; 3actocyBaHHS
eJIEeKTPOHHO1 JiTorpadii posmmproe i rpanumi a0 1500...2000 MI'q [16, 18, 19].
CMmyra npomnyckanHsa 0OEpHEHO MPONOpPLINHA YUCIY €IEKTPOAIB y IEpPETBOPIOBaYi
1 Moxe Oytu peanizoBaHa B mexax Bifg 0,1 % mgo 100 %. Cmyra npomyckaHHS

¢inprpiB Ha [TAX- pe3onaTopax moxe 0yt 3menmeHa 10 0.01 % [8] .

Oinbtpu Ha [TAX BigHOCSTHCS A0 Kiacy GIIBTPIB, MO BiJOMI IiJl HA3BOIO
TpaHcBepcanbHUX. [Ipouec (inbTpanii MOXKHA PO3TISAATH SK MPOLEC CENEKIli
4acTOTH, KOTpUN HAWOULIBII HAOYHO MOXKHA BiOOpa3UTH B YAaCTOTHIA OOJACTI.
JilicHO, 0JHa cMyra 4acTOT MPOIMYCKAE€ThCcs (PUILTPOM (CMyra MpOIyCKaHHs), a

1HII1 YaCTOTH NPUTHIYYIOTHCS (CMYTH 3aTPUMKH ).



Puc. 1.1. 3aranbuuii BUriasa GyHKioHaabHOro npuctpor Ha IMAX:
1 — y3roakyroumii mpucTpiii; 2 - neperBopioBayi; 3 - 3ByKONpPOBOJI;

4 - akyCTHYHMI MOTJIMHAY

YV 3BUYaliHUX JiHIAX 3aTpUMKH 200 PiTbTpax, sAKi CKIATAI0THCA 3 IHIYKTHBHOCTI Ta €EMHOCTI, CMYTH
NPOITyCKaHHS Ta 3aTPUMKH (POPMYIOThCS 32 PaXyHOK PE30HAHCHUX €(DEKTIB Y MMOCTIJJOBHHUX Ta MapaebHIX

Koiax cxemu [1].

Pe3oHaHCH CrIOCTEPIiraroThesl Ha KOHKPETHUX YaCTOTaX, 1[0 BU3HAYAIOTHCS E€MHICTIO Ta 1HIYKTUBHICTIO
PEaKTHUBHUX elleMeHTIB. YacTOTHY XapaKTepUCTHKY HEOOX1THOTO BUTJISILY OTPUMYIOTH LIJIECTIPSIMOBaHOIO
3MiHOIO PE30HAHCHHX YacTOT KOMOIHAIIH X AUCKPETHUX eneMeHTiB. CeleKIlis 9aCTOTH MOJKE TaKOX
3MIHACHIOBATHUCS 32 PaXyHOK IIPOIIECIB, KOTPi MPOCTIIIE Ta 3pydHillle peai3yloThCs B YaCTOTHIM obmacti. CurHa,
KOTPHI HAJAXOANUTH Ha BX1JI IPUCTPOIO PO3TIIAAAETHCS SIK XBHJIS, IO MOMNPIOETHCS. DibTpanis 31iHCHIOETECS B
Mipy NPOXOKEHHS CUTHAITY KPi3b PsiJ JIHIH 3aTPUMKH Ta JI0JIaBaHHsI BIJIOBIIHUX 3aTPUMaHUX curHainis. [Ipu
BU3HAYECHUX YMOBAX BCi 3aTPUMaHI CUTHAIHU IOIAI0ThCS CHH(A3HO (CMyra MpomnyckaHHs) abo (mpoTudasHo).
Cxema MpOXOJPKEHHS CUTHAITY Kpi3b Takuid GibTp mokazana Ha puc.1.2. TpaHcBepcanbHuil GpinbTp siBise co000

0araToBiBIIHY JIIHIIO 3aTPUMKH, Y SIKii KOKEH BiABIJ 3'€ JHAHMH 13 CIIUIBHOIO BXi/IHOIO a00 BUXIIHOIO IINHOIO

[1,4,10,11]. ®insTp Mace N BinBosiB, pO3AiNeHNX TiHiAMYU 3aTpUMKK 1) |, IpHYOMY KOKHUIA BifBix

n!
XapaKTepU3yeThCA BaroBUM KoedilientoM ¢, . BXianuil curaan, mo Hagidmos Ha (QinbTp, IEpI 3a Bee
IOMHOXXYEThCA Ha Koe(illieHT @, i pe3yIbTaT MHOKEHHs IIPOXOJUTh Ha CIiNbHME BuXia. IloTiM apyruii

CHMI'HAJI IIPOXOJHUTH KPi3b JIiHII0 3aTPUMKH Ta IIOMHOXKYETECA HA KOeQiLieHT ., , a pe3yIbTaT MHOXKEHHS

JIOJTAE€THCS IO CUTHAITY, KOTPUH MPONIIOB KPi3h MEPIINHA BifBiA. Y Mipy IPOXOPKEHHS BXiJHOTO CHUTHAITY Yepes



JiHiT 3aTPUMKH CUTHAJIH, IO IPOUIILTN KPi3b BiIBOAH, AOJAAIOTHCS 1 JOPMYIOTh TAKMM YHHOM HAIpyry Ha

BHUXOIi QiIBTPY.
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Buxioua

Hanpyea
Puc. 1.2. Cxema TpaHcBepcaJbHOI0 PUILTPY

TpancBepcalibHl (QiIBTPU 3HAXOAATH BCE OUIBIIE 3aCTOCYBAHHS 3 PO3BUTKOM
pPaIioNOKAIIIMHOT TEXHIKK 1 TEXHIKHM 3B'S3Ky. SIKIO HEOOXITHO 3HAWTH CHUTHAI,
pPiBEHb SKOTO HIDKYE PIBHS IIyMy, TO B IIbOMY JOIIOMAara€ TOMEpeIHE 3HAHHS
CTPYKTYpH HEOOXIJHOrO HaMm curHany. Hampukman, BY3bKOCMYXKHUN (DUIBTP
BUJIIJIIE BU3HAYEHUM BY3bKOCMY)KHHI CHTHal 1 30UIbIIye HOro amIulTyay B
NOPIBHSAHHI 13 IIYMOM, KpIM CHUTHadIB, IO 3aBa)alOTh, 32 PAaXyHOK YOro
MIJIBUIIY€ETHCS BIIHOMIECHHS curHa/myMm. Lle — noOpe Bimomuit mpukian GpinsTpa,
IO Tpalioe B YacTOTHIM oOmacti. SIKIIO0 K curHan € HUGPOBUM KOJIOM, TO
BIJIHOIICHHS] CUTHAJI/IIIYM MOHa 30UTBIIUTH 32 JIOMOMOTOI0 Y3TOJIKEHOTO 3 IIUM
KojgoM GiIbTpa, IO TMpame B YacoBid  oOmacTi 1 Ha3UBaETHCS
KopessiiiiHuM ~ GuibTpoM. Y 3arajilbHOMy BHUIAJKY Taki (UIBTPU J03BOJISIOTH
BBOJIUTH B Y3TO/DKCHHUH TPAHCBEPCAIbHUM (DUIBTP TOBIHM KOJ 1 OJEpPKYyBaTH
CTUCHYTHUI BUXIAHUH iMITysibc. OCKUTBKM €HEpPris BXIAHOIO 1 BUXIJHOTO CUTHAITY

OJIHaKOBa, aMIUIITyJ]a CTUCHYTOTO IMITyJIbCy Oy/€ 3HaYyHO BHULIE, HIXK y BX1JHOTO



curHaiy. lllym sxe mepenaerscst iHaKIIE, OCKUIBKU (QUIBTP HE Y3TOIHKEHUN 3 HUM;

3a PaXyHOK LIOTO 30UIBIITY€ETHCS BITHOMICHHS! CUTHAJ/IIIYM.

[nmuit  Tanm  TpaHcBepcadbHOTO (PiIbTpa ycyBa€ CHOTBOpeHHs. ki,
HAIPUKJIIAJ, TeJEBI31iiHI CUTHAT MICTUTH y cO01 Mapa3uTHI BIAOUTTS Bia OyiBelb,
T€ MOXHa CTBOPUTHU 3BOPOTHIN (PIIBTP AJIsI OOEpHEHHS MPOIeCy NepeKpyIyBaHHS
H ycyHeHHS HeOaxaHOro BIIOWTTS. Y JiHIAHIA cuctemi (QuUIbTp, IO yCyBae
HeOaXkaH1 BIIOUTTS 3 B1IOMOTO CUTHAITY, TAKOTO, SIK CHHXPOIMITYJIbC TEJIEBI31iHOTO
curHaiay, Oyae TakoXX YycyBaTH HeOaxaHi BigoOpakeHHS 3 HEBIJOMOTro
TEJIEeBI131THOTO CUTHANY, 110 OyB IMiAaHUN aHAJOTIYHOMY CIIOTBOPEHHIO.

[ITnpoko BUKOPUCTOBYIOTECS CHTHAIHN 3 BHYTPIIIHBOIMITYJIECHOIO JTiHIHHOIO 9aCcTOTHOXO Momyisieto (JIUM -
CUTHAJIN), TOOTO IMITYJIbCH MPHUOIM3HO MOCTIHHOT aMILTITY U, YaCTOTa 3aIIOBHCHHS SAKAX 3MIHIOIOTHCS JIIHIHHO B
yaci y BU3Ha4Hii 9acTOTHi# cMy3i [1, 4, 8, 10, 11]. /Iy TakuX CUTHATIB MO’KHA CTBOPUTH Y3TOKEHHN PinbTp 3i
CTHCHEHHSIM BUXIJIHOTO CUTHAITy aHAJIOTIYHO TOMY, SIK OYJIO ONMCAaHU BUILE Uil TU(PPOBUX KOIIB. Takuid
¢binbTp MOXKe OYTH BUKOPHCTaHUI A1l OocWIIeHHsT HeoOXinHnX JIYM-curHamniB Haj piBHEM HIyMy, 301IbLIYIOYH,

TaKUM YHHOM, Bi,Z[HOH.IeHH?I CI/IFHaJ'I/H.IyM.

[Tpuctpoi crucuenns JIYM-imnynbciB (puibtpu JIYM-iMITynbCiB) MaroTh 1
OuTbIl 3arainbHl 3acTocyBaHHA. Hampukian, mpu BBeAEHHI B Takud (QUIBTP
MoayiboBaHoro JIYM-iMmynbCy Ha WOro BUXO[l YTBOPIOETbCA MUTTeBUN Dyp'e-
oOpa3 ¢yHkIi Momymsmii. Y 3B'SI3KYy 3 UM Takl QUILTPU € Ayke €EeKTUBHUM
IHCTPYMEHTOM [ BUKOHaHHs nepeTBopeHHst yp'e B peasibHoMy vaci. Lle y cBoro
Yepry NPU3BOIUTH 1O CTBOPEHHS IIUPOKOTO KJAacy MPHUCTPOiB, IO MOXKYTh
BUKOHYBATH MepeTBOpeHHst Dyp'e i pi3HUX THUIIIB omneparii GiibTparii, Takux,
K BUKJIIOYCHHS HeOakaHMX YaCTOTHUX CKJIAJOBHX IMPHU 30€pexeHH! MOTpIOHMX

KOMIIOHEHTIB.

OnHi€0 3 MPUYMH MUPOKOro BukopuctaHHs JIUM-iMmynbciB y cucreMax
JIOKAIlll € MOXJIMBICTh OJIEp>KaHHSI CUTHAJIIB BEJIUKOI TPUBAJIOCTI 1 TI€T )X €Heprii,
Mo W y KOPOTKUX IOTY)KHHX IMITyJIbCIB. [HINIA TpWYWHA TIOJIATA€ B TOMY, IO

JIOTIIEPIBCHKUIM 3CYB 3MIHIOE CaMe€ 4acToTy curHainy. Lli 4acToTHi 3MiHH, LIO



MOKYTh OyTH MUTTEBO BUMIpsiH1 pibTpoM JIUM-imMmysbCiB, BKa3ylOTh MIBUIKICTD

it [1, 5, 10].

be3yMOBHO, NMPakTUYHO HEMOKJIMBO MPOEKTYBATH TaKl CKIaIHI (DUIBTpH
JMIIIE Ha OCHOBI CXEM 13 30CEpEeIKEHUMH €JIeMEHTaMU, OCKUIBKU JJIs peani3arii
0araToeIEMEHTHUX CKJIAJHUX KOJIB JOBEJEThCS BHUKOPUCTOBYBAaTH BEIMYE3HY
KUIBKICTh €JeMeHTIB. J{Jig Takux (UIBTPIB HEOOXITHHMK OUIBII MPOCTUH METO
BUTOTOBJICHHS, TMEPEBAXKINBO 3 BUKOPHCTAHHSAM (hoTomiTorpadiuHoi METOIMKH,
[0 3aCTOCOBYEThCS IIPM BUTOTOBJICHHI I1HTErpalibHUX cXeM. Taki (iabTpH,
NpUAATHI 11 0OpOOKHM SIK aHAJIOrOBHMX, TaK 1 HMU(PPOBHX CUTHANTIB, 3'ABUIIHCS B
ocTaHHI pokd. CrioyaTKy TpaHCBEpCallbHI (PIIBTPH LIOTO TUITY OYJIM peai3oBaHl y
(dbopMi IPUCTPOIB HA MOBEPXHEBUX AKYCTHUHUX XBUJISX, L0 MPALIOIOTh 3BUYANHO

B miama3oni yactoT Big 10 Mropno 1 I'T1 [1, 3,4, 5, 7].

[ToBepxHeBl aKyCTHMYHI XBWJIl JO3BOJSIIOTH 3AIMCHUTH 3araM'aTOBYBaHHS,
3aTPUMKY 1 CKJaJHy MHapajeibHy OOpOOKYy IIMPOKOCMY)KHMX CHUTHANIB BEJIUKOT
TpuBasiocTi. BoHu mpaimororh Ha vactorax go 500 MI'm, a micias BKMBaHHS
creriagbHuX 3axo/iB — ax 10 2 [T, 3a6e3neuyroun mupuny cmyru Big 30 10
40% ueHTpaJibHOI 4YacTOTH. BiamoBigHa MIBUAKICTH Nepenayi iHGopmamii —
MOPSJIKY COTeHb MerabiT Ha cekyHay. Jleski TUMM [UX MOPUCTPOIB MOXKYTh
3araM'aTOBYBaTH CUTHAJIM HA 4ac MOPAIKY CEKYH]I; ISl TOBEPXHEBUX aKyCTUUHHUX
XBUJIb HEBAXKKO peai3yBaTu OaraTOBIABIAHI JHII 3aTPUMKH. BiIMOBITHUM YHHOM
M10Mparody PO3MIIICHHS Ta BaroBl Koe(iIlieHTH B1ABOIIB, MOKHA KOHCTPYIOBATH
HIMPOKOCMY>KH1 Ta BY3bKOCMY>KHI JIiHIT 3aTpUMKHU, PLIbTpH, TU(POBI PuIbTpu U
aHajoroBl (QUIBTPH, IO Mi3HAIOTh a00 TEHEPYIOTh cremianbHi curHanu. Ilicis
MOMANBIIUX BJOCKOHAJIEHh MOXJIMBE CTBOPCHHS MPOTPAMOBAaHUX (IILTPIB,

XapaKTEPUCTUKHU SIKMX MO>KHA 3MIHIOBATH Ha BIACHUI pO3CYy.

binbmiicte  omepariii  ¢pyHKIIOHATBEHOT 00pOoOKHM, BUKOHYyBaHUX [IAX-
MPUCTPOSIMU, MOXKYTh TaKOX BUKOHYBAaTH MPUCTPOI HA KPEMHIi, ajie B YaCTOTHIN
o0JacTi, SIK paBwiio, HUXKYe 5 MI'11 13 BIAMOBITHO O1IBIIIOK YaCOBOIO 3aTPUMKOIO.

OCHOBHOIO TIEPEBAroro Ii€i TEXHOJOTI € Te, 0 MBUIKICTh 3alUCy 1 3UUTYBaHHS



CUTHAJIIB Y ITUX MPUCTPOSX MOKHA 3MIHIOBATH, TaK IO 3aJ[aHUI CUTHAJT HA BXOJI
MO’KHA PO3MIUPUTH 200 CTUCHYTH Ha MOTO BUXO/Il, 3UUTYIOUH HOTO 31 HIBUAKICTIO,

BIJIMIHHOIO BiJI Ti€1, 3 AKOIO BiH OYB 3alKiCaHu.

IHOZI BUKOPHCTOBYIOTHCSA B3a€MOIi1 Mi>K IBOMa THUIIAMHU BXiTHUX CHTHAJIB. Hanpukiam, ocKinbKu OyIb-sIKUi
HAITiBIIPOBITHUKOBHI TPUCTPiii MOXKke OyTH 3pOOIIEHO Ty TIIMBUM IO CBITJIa, MOKHA CTBOPUTH CBITIOUYTIUBUI
NPUCTPIH, Y SKOMY CUTHAJI, IO BiJIIOBiIa€ PO3MOAIIOB] IHTEHCHBHOCTI CBITJIA Y3JI0BX IPUCTPOIO, MOXKHA
3YUTYBATH SIK OJJMH PSIOK ONITUYHOTO 300pakeHHs. [Ipy BUKOpUCTaHHI B3a€EMO/Iii HOBEPXHEBUX aKyCTHUHHX
XBHJIb 3 HaIliBIPOBIJHUKaMH MOXXHA BUKOHYBaTH Pyp'e-niepeTBOPEHHS i TPOBOJUTH iHITY (DYyHKIIOHAIBHY

00poOKy onTHuHUX 300paxens [10...12].

HeniniiiHi B3aemoii MK IBOMa MOBEPXHEBUMH aKyCTHYHUMH XBWIAMH B [TAX-npHcTposiX MOKHA
BHUKOPHCTOBYBATH AJIsl BUKOHAHHA TAKHX OTepalii 0OpoOKH B pealbHOMY 9aci, K 3ropTKa i 0OUMCICHHS
(dhyskmii kopersmii mux XBuib [5, 10...12]. IIpu npoMy oAHH i3 CHTHAIIB MOXE BUKOPHCTOBYBATHCS B SIKOCTI
OTIOPHOTO, 1[0 AO3BOJIIE 00X0ANTHCS 0€3 TpaHCBEpCcaIbHOTO QinbTpa 3 (PiIKCOBAaHUMH XapaKTEPUCTUKAMHU. Y
[bOMY BHIIQJIKy TPaHCBEPCANbHBII (ibTP i3 TOBUILHO 3MIHIOBAHUMH NIApaMETPaMu MOXKe OYTH JIETKO
CTBOPEHHH MPOCTOO 3MIHOIO OIIOPHOI'0 KOAY. AHAJIOTIYHUI MPHUCTPiit MOXKHA peasti3yBaTH 3 BAKOPUCTAHHAM
JIBOX 0araToBiZIBITHUX JIiHIH 3aTPUMKH, 3'€THAHUX Pa30M; IIPH [IbOMY OJIHA 3 JIiHii Kepye BUXIAHUMH CUT'HAIaMH
3 BIJBOJIIB IPYTOI JIiHii, TaK IO CHTHAJH, TIOJaHi Ha BXiJ MEPIIOi, € OTIOPHUMH JJIsl CHTHAJIB, IO IPOXOISITH IO
JAPYTiid.

MoHa TaKoX BUKOPHCTOBYBATH B3a€EMOJIII0 MIXK aKyCTHYHOIO XBHJICIO 1 CBITJIOBHM IIPOMEHEM ISt
BiIXMJICHHS OCTaHHBOTO, OCKIJIbKH aKyCTHYHA XBHJIS (JOPMY€E aHAIIOT ONTHYHOI audpakiiitaoi pemitku [10, 11].
Taki METOIH TO3BOJIMIIM CTBOPUTH MIPUCTPOT, 1110 BUKOHYIOTH Dyp'e-TIepeTBOPESHHS ¥ 00UHCIIOITh QYHKIIIO
KOpeJsillii akyCTHYHUX CUTHAIIB a00 OJIUH 3 OJIHUM, a00 i3 CUTHAJIOM, BAKOPUCTAHUM JUIS MOJYJISILIT CBITJIOBOTO
ny4ka. [IpuHIHMIIL, 110 JISKUTh B OCHOBI IIUX MPUCTPOIB, MOYKE BUKOPUCTOBYBATHCS JUIS BIAXHUIICHHS ITPOMEHS

CBITJIa B 0araToagpecHnX CHCTEMax 3B's13Ky a00 B POCKIIIHHUX TENEBI3IHHUX IPUCTPOSIX.

CnuibHUM JJ1 BCIX LMX MPHUCTPOIB € HASBHICTH TPAHCBEPCATBHOTO (DUIBTPY —
JiHIT 3aTPUMKH, Y AKIH MOMIMPIOETHCS aKyCTUYHUN a00 €JICKTPUYHHI CUTHAI 1 B
PI3HMX TOYKaX SIKOi 3a0€3MeUyeThCsl €JNEKTPUYHUN, ONTUYHUN ab0 aKyCTUUHHMA
JOCTYI 0 LbOTO CUTHANY. Taki TOYKH YTBOPATH «BIIBOJAW» JiHIi 3aTpuMKH. [Ipu
BUKOPUCTAHHI IS IIi€] METU CBITJIOBOrO a00 aKyCTUYHOTO IydKa PO3MOJILIT

BIJIBOJIIB MOKHA BBa)XaTH MPAKTUYHO Oe3nepepBHUM. SKIIO X BUKOPUCTOBYIOTHCS



CJICKTPHUYHI BiJIBOJU, TO JOCTYN 1O XBWJI, IO MOIIMPIOETHCS, € AUCKPETHUM. B
000X BWIaJKax, MAOUparOYn aMmIUIITyIHI 1 ¢a30Bi BaroBi Koe(illieHTH BiJIBOIB,

MOXHa 3/IIICHIOBATH PI3HOMAaHITHI (DYHKITIOHAJIbHI IEPETBOPEHHS CUTHAJIIB.

BaxnuBy pouss ipu 00po6ui curnaii y PJIC BigirparoTs npuctpoi yactotHol cenekuii Ha [TAX [9...12]. Bonn
BUKOPUCTOBYBATHUCS SIK I (DinmbTpamii HebaXaHWX CUTHANIIB, [0 HAAXOIATh Y IIPUCTPIiii, Tak 1 [UIT BUALICHHS
YaCTOTHUX CKJIAJIOBHX, SIKi HEOOXiqHI MpH ceKkTpanbHoMY aHami3i curaaiiB PJIC. TunmoBumu mapamerpaMu
cmyroBux (inpTpiB Ha [TAX, 110 3aCTOCOBYIOTECS B TpakTax mpoMikHOi yacToT PJIC mist mpunymeHHs
iHTepdepeHiHHIX CKIaJOBUX, SKi HOBUHHI JIS)KaTH 11032 CMYTOI0, €: po0ouuii Aiana3oH yactoT - Bix 10 MI'n
1o 1,6 I'T'n; BTpaTH, mo BHOCAThCS — 5...25 nb; npunymenHs napasutHux curnaiis — 60 nb (mo 100 xb); cmyra
nponyckauus — 0...50%; mynbcarii mo ammityai - 0,5 nb; BiaxuieHHs (Ha30BOi XapaKTEPUCTUKH B JTIHIHHOT -

1 rpan.

CrnexkTpaJlbHUI aHal3 CUTHAJIIB — BaXJMBa 00JacTh 3aCTOCYBaHHS
MpUCTPOiB YacToTHOI cenekiii Ha ITAX. Tpaguriiiai npuiaaau, mo 311HCHIOIOTh
CHEKTpaJbHUI aHajl3, 4YacTo HAATO TPOMI3AKI U JOpori. 3acToCyBaHHS
MIHIATIOPHUX 1 JenieBux npuctpoiB Ha [IAX y Takux cucreMax BIJKpUBAe
MO>KJIMBOCTI, SIKI MICTSITh, HANPUKJIAJ, BUOIp CUTHATy HEOOXITHOI YacTOTH Ta
BU3HAYECHHS JONIUIEPIBCHKUX 3CYBIB y peadbHOMYy MacmTadi 4vacy. bioku
¢bineTpiB Ha IIAX BUTOTOBISIOTHCS Ha OAHIN MiAKIaAIl 1 3a0e3meuyroTh
OJIHOYACHE PO3MIJICHHS CUTHAIIB y CMy31 OJM3BKO JAEKIJIBKOX Merarepil 3i

CTOBIJICOTKOBOIO IMOBIPHICTIO BUSIBJICHHSI.

ITpuctpoi Ha ITAX 3Haiinum mupoke 3aCTOCYBaHHS y MIBUAKOIIOUHNX CHCTEMAXx, 1€ YCHIITHO Y3rODKYIOThCS 3
TPaAUIiHHUMH KOMIIOHEHTaMu Ha p-i-N-gioxax [10, 11]. HIBuakosis takux HBY-nepemukauis gocsirae
OJIMHUIIb MIKPOCEKYH/I, CTYIiHb PO3B'SI3KH CUTHAIIIB Y CTaHaX yBIMKHEHHs-BUMKHeHHs Oinbire 100 nb. 3Haune
3actocyBaHHs [TAX inbTpiB y MOMHOXKYBadax 4aCTOTH, 3MIITYBaIbHUX MPUCTPOSIX JJIs1 BUIICHHS HEOOX1THIX

YacCTOT 3 BUCOKHM CTYIICHEM MMPUAYIICHHA HeOa)KaHUX CUTHAIIB.

3HayHa POJIb YACTOTHO BUOIPKOBUM 1 YACTOTHO 33JaBaJIbHUM MPUCTPOSM Ha
[TAX BIZBOAWTHCS y BUPIIIEHHI MPOOJIEMU CHUHTE3y CHTHATy 31 MIBHIKOIO
JIMCKPETHOIO mepeOy10Bot0 yacToTu. HalleekTuBHile 1€ 3aBJaHHS BUPIIICHE B
IPUCTPOSIX TPSIMOTO CUHTE3Y, y SKHUX T'peOIHYaCTUH CHEKTp, IO YTBOPEHUM

[UIIXOM MAaHIMYJAIIA 3 CUTHAJIOM OMOPHOTO TeHepaTopa, HaAXOAWTh Ha BXIJ



onoky ITAX-dpinbTpiB, a Ha Buxoai [TAX-(hinbTpiB BUALISAIOTECS OKpEMl UYHCTI
cuektpanpHi miHii. Li mpucTpoi nNpsAMOro CHHTE3y BIAPI3HAIOTHCS TAKUMHU
OCOOJIMBOCTSIMH: CTaOUIBHICTh YAacTOTH 1 (Da3oBa KOTEPEHTHICTb BU3HAYAIOTHCS
OJTHUM 33/1aBAIbHUM TEHEPAaTOPOM, 3MIHU YACTOTHU 3IHCHIOIOTHCS AYXKE IIBUIKO
(BUIKICTE OOMEXYEThCS TUIbKK MBUAKOAIEI0 BU-miepeMukayiB 1 3aTpUMKOIO
GUIBTPIB), METOA MPSIMOTO CHHTE3y 3 BHUKOPHUCTaHHSM mpucTpoiB Ha [IAX
BUSBIISIETHCS Habarato MpOCTIIIMM, HIK MOMEPEeIHI METOIM MPSIMOTO CHHTE3Y 3a

PaxyHOK 3aCTOCYBaHHS BUCOKO BUOIPKOBHUX, KOMIAKTHUX (G1abTpiB Ha [TAX.

Bucokuii piBeHb NOpUAYLIEHHS “TIapa3uTHUX~  CHTHAJIB 'y TaKkoOMy
CUHTE3aTOpl JIOCATAEThCS 3a JOMNOMOror KackamoBaHux IIAX-punbTpiB 3
BUCOKUM (He MeHIe 10 nb) npuayeHHsM m03acMyroBUX CUTHATIB (JUCKPETHUX
CKJIQJIOBUX Yy CHEKTpP1 CUTHANY) 1 IPUIHATHUM pIBHEM BHECEHUX BTpat (Mmeniie 30

nb), BUKOHaHUX Ha TEPMOCTAO0UIHLHUX KBAPIIEBUX IM1IKJIaIKaX.

Konu notpiOHa Benmka KUTbKICTh pOOOYHMX YaCTOT, 3aMICTh YKa3aHOi 0a30BO1
CXEMH JIOLIJILHO BUKOpUCTATH 1HIUK miaxia. Tak, koMOiHyIOUM “‘dUCTI” BUXIIHI
CUTHAJIM BIJl JIEKUIBKOX, CHEIlaJbHO PO3PaxOBaHMUX, 0a30BHX IiJCHHTE3aTOPIB
(KOTepeHTHUX 13 3aJaBajbHUM TIE€HEPATOpPOM) 3a JOMOMOIOI0 3MINIyBayiB 1
MPOCTUX IUPOKOCMYKHUX  (PUIBTPIB, MOXKHA OJIEp>KaTh OYIb-SKy YacTOTy 3
BEIIUKOI KITBKOCTI (JEKITBKOX COTE€Hb) YacCTOT, IO 3HAYHO MEPEBUILYIOTh
kuIbKicTh [TAX-(inbTpiB y nMX micMHTE3aTOpax. [HIIAa MOXIMBICTH MOJISATae B
OTpUMaHHI TOTPIOHOI CITKH POOOYMX MICIh HUISXOM IOCIITOBHOTO MOILTY 1
3MIIIYBaHHS HEBEJIMKOI KIJIBKOCTI BUX1THUX KOTEPEHTHUX YaCTOT Ha KOMYTOBaHUX
Buxoaax ITAX-¢pinerpiB. LI MeTonum MoXKHa 3aCTOCOBYBATH B PI3HOMAaHITHHX
BapiaHTaX 1 WOEJIHAHHAX, JOOMBAIOYHMCHh ONTUMAJIBHHUX JJII KOHKPETHOTO
3aCTOCYBaHHS XapaKTEPUCTHK.

ANBTEepHATHBHUN METOJI OJICPKAHHS CUTHAJIB 31 IBUIKOIO MepeOyI0BOI0 YaCTOTH MOJIATa€E Y BUKOPUCTaHHI
6araTo4acTOTHHX MPOTPAMOBAHUX T€HEPATOPIB 3 KOMYTOBAaHIMH 9aCTOTHO3aHar0unMu ¢inbrpamu Ha [TAX y
KOJIi 3BOPOTHOTO 3BI3KY [3, 6, 9...11]. V¥ Takux reHepaTopax 3a JONOMOTOIO YIIPABIiHHS MOKHA IEPEXOAUTH
BiJl OJTHI€T YacTOTH A0 1HIIOI. [HITME miaxin nmossrae B 3amiHi Habopy [TAX-(inbTpiB y KOJIi 3BOPOTHOTO 3B'I3KY

MIMPOKOCMY>kHOI0 JI3 3 mporpamoBanumu crpudkamu ¢asu. Kpim 115010, py BBEAEHHI 10 KOJIa 3BOPOTHOTO



3B'I3KY CIEIiaTbHOTO HEIHIMHOTO eJIeMeHTa UM ipu cuHXpoHi3zalii [IAX-rerepaTopa 3 mmpokocMyskHoI0 JI3
30BHIIIHIM CUTHAJIOM BU3HAYEHOI 4aCTOTH MOKe OyTH 3a0e3nedeHnii 6araToXxoI0BUI peKUM IreHepaltii.
BararoxomoBi [IAX-reHepaTopu MOXKYTh 3aCTOCOBYBATHUCH, HATIPUKIA, [T (POPMYBaHHS CITKH 9aCTOT Y CXeMi

CHUHTE3aTopa.

Cra6inpHicTs yactoty [IAX-reHepaTropiB BU3HAUa€THCS CTA0UTHHICTIO 1 JOOPOTHICTIO YacToTo3anatouoro [TAX-
€JIEMEHTa B KOJIi 3BOPOTHOTO 3B'A3Ky. THIIOBI 3HaUeHHS CTabiIbHOCTI YacToTH oqHoMon0BUX [TAX-reHeparopis
TaKi: BiIHOCHA TeMIepaTypHa HecTabinbHicTs ~ 10™ (B inTeprani Temmeparyp —60 10 +70°C), y pexumi
cunxpomisanii 10 10®; BigHocHa TpuBana Hectabinpuicts 10 Ha MicsIb; KOPOTKOUACHA TpHBAIA

HectabGinsHicTs wactotn 107 ... 10' (3a 1 cex).

CriexrpanpHi XxapakTepuctuku [IAX-rereparopa MokHa ommuuTy (pudimsHo Ha 10 nb) mpu BUKopuCTaHHI
ITAX-pe30oHaTOpIB 1 CTPYKTYP 3 BIIOMBAaIOUHUMH penriTkaMu JoOpoTHICTIO 6m3bko 10000. XapaKkTepucTHKH
TaKUX TeHEPaTOPiB HAOIMIKAIOTHCS 10 XapaKTEPUCTUK BUCOKOCTAOIIBHUX KBApIEBUX T'€HEPATOPIB 3 KOJIOM
MOMHO’KYBa4iB; BOHU MalOTh TaKH IIEPEBart, Sk MOXJIMBICTh CTBOPEHHS T'€HEepaTopiB Ha 4yacToTH ax 10 3 ['ri
0e3 3acTocyBaHHS TOMHOXKYBadiB, Mai rabapuTHI PO3MipH, HU3bKA IIOTYXKHICTB, [0 CIIO)KUBAETHCSA, MEXaHITHA
MIIHICTB, BIICYTHICTh MOOIYHUX MOJI, IIPOCTOTA 3MIHCHEHHS YaCTOTHOI MOIYJIAMI, CllabKa Yy TIHBICTh 110

MeXaHIYHUX BIUIMBIB Ta aKyCTHYHHX myMiB [3, 6, 9].

[epeBaru aKycTOCIEKTPOHHUX MPUCTPOIB BiJKPUBAIOTH IEPCIEKTHBH iXHBOTO ITUPOKOTO BUKOPUCTAHHS
He JIMIIE B TPAKTaX MPOMIXKHOI YaCTOTH, aJie i 6e3M0CepeIHBO Y BXiTHUX Ta BUXIAHUX TPAKTaX
HajBucokouacToTHoi (HBY) panioenextponHoi anapatypu. Y HBY nianazoni curaanm MoxxyTs OyTH

6e3nocepeIHbO BBEJICHI, 00pOOJIeHI i BUBElIeHI 0e3 J0IaTKOBUX CXEM IePETBOPEHHS YaCTOTH.

Burorosnennst [IAX-npuctpois mjist po6oTH B giama3oni moHa 1 I'T'i nos's3ane 3 BIIOMUMU TEXHOIOTIYHUMU
TpynHomamu. OJHaK, OCTaHHI JOCATHEHHS eJIEKTPOHHO-TIPOMEHEBOI JIITOrpadii, a TAKOXX PO3IOBCIOPKEHHS
MeToxiB oTomrorpadii 11 BUTOTOBIEHHS CyOMIKPOHHHUX TIEPETBOPIOBAYIB IEKTPOMArHITHUX CUTHATIB
JIO3BOJISIIOTH BIIEBHEHO TOBOPHTH IIPO PO3LIMPEHHS BEPXHBOI Mexki pobouoro aianazony dactoT [TAX-npuctpois

710 6...10 TTu [11, 12, 16, 18, 19].

ITopyd 3 nuM, He TPUIHHSAETHCS MONITYK 1 JOCIIPKEHHS HOBIX MaTepiajiB — K MOHOKPUCTAJIB, TaK i
KOMITO3UIIIHHUX CTPYKTYP 3 BUCOKOIO MIBUIKICTIO pO3MOBCIOKkeHHS [TAX Ta iHIIUMU KOPUCHUMU
BIacTUBOCTAMMU. Jly’ke IepCIEKTUBHUMH B IbOMY PO3YMiHHI € IIapoBaHi CTPYKTYPH HITPUAY aJTIOMiHIIO Ta

oKHCY MHKY Ha candipi [16, 17].



OnHak, moJaJIbIIe i IBHIEHHS po0090i YaCTOTH MPUCTPOIB MOB'sI3aHe TIEPIIT 32 BCE 3 BUKOPUCTAHHIM
MIPUITOBEPXHEBUX 00'eMHMX aKkycTHIHUX XBHIIb (ITOAX), a Tak0K BHIUX TAPMOHIK 3YCTPiYHO-IITHPHOBHUX
MIEPETBOPIOBAYIB. 3 II€0 METOI0 PO3POOIIIOTHCS OLIBII TEXHOJIOTIUHI Ta e(EKTHBHIII KOHCTPYKIIiT
MIEPETBOPIOBAYIB 3 KOMIIPOMICHUMH €IEKTPHIHUMHE Tapamerpami [13...16]. 3HauHi 3ycHIuIs CIpsIMOBYIOTBCS

Ha OCJIIKEHHS MOKINBOCTEN ITOE€AHAHHS BKa3aHUX BHIIE METOIIB.

Tak, nepexin no 3acrocyBantst [IOAX y nmoeaHaHHi 3 €IEKTPOHHO-ITPOMEHEBOIO JIiTOrpadicro Ta MarepialamMy 3
BUCOKUM 3HAUSHHSM LIBHIKOCTI aKyCTHYHHUX XBHJIb JO3BOJMTH ITiABUIINTH PoOOYY YacToTy NpUcTpoiB 10 4,0
I'T, a TakoX MiZABUIUTE iXHIO JOBMOBIYHICTh Ta MOJIMIIUTE POOOYI XapaKkTepUCTUKH. [loganbiie po3mupeHHs
(hyHKIIOHATTBHIX MOXKITMBOCTEH aKyCTOENEKTPOHIKH MOB'sI3aHE 3 OUIBII MOTIHOJICHIM BUBYCHHSIM
aKyCTOCJICKTPOHHMX SIBUIL Y HAaIiBIPOBITHUKOBUX MaTepiajlax Ta IIapoBaHUX CTpyKTypax. [IpomoBxkyeTscst
BUBUCHHS Ta pO3p0OKa HOBUX IPHUCTPOIB IMiJACHICHHS Ta TeHepallil aKyCTUYHHX Ta €JIeKTPOMArHITHHX XBHIIb.
HactynmHum KpoKoM 110 TOBHOT peaizaliil MOXJIMBOCTEH BUKOPUCTaHHS aKYCTUYHUX XBUJIb MA€ CTaTh
CTBOPEHHSI MOHOJIITHUX PUCTPOIB, Y AKKX OyAyTh 00'€JHaH] BIACTHBOCTI I'€30€JIEKTPUYHUX MaTepiasiB s
MIEPETBOPEHHS aKyCTUYHHX XBHJIb, MaTepialliB 3 HU3bKUMH BTpaTaMy AJIs aKyCTHYHMX JiHIN epeaadi Ta
3aTPUMKH { HAIIBIIPOBITHUKOBUX MaTepialliB IJIs MMiICHICHHS aKyCTHIHHUX Ta CICKTPUIHUX CUTHAIIB.
Peaxizamis moaiOHNX KOMITO3HUITiH Mae MIPU3BECTH HE TUTBKH JO ONTHMi3amii XapaKTePUCTHK JUCKPETHUX
AKyCTUYHUX MIPHUCTPOIB, aje i 10 3a0e3neueHHs IXHbOT Y3TO/HKEHHOCTI 3 PI3HOMaHITHUMU BEIIMKUMU
IHTErpajbHUMH CXEMaMH Ta, y KiHIIEBOMY PaxyHKY, 1O CTBOPEHHS HOBOTO MOKOJIIHHSI IIPUCTPOIB — MOHOJIITHUX
IHTErpajbHUX aKyCTOENEeKTPOHHNX cxeM [16]. [IpakTuunmii iHTEpec MarOTh O/IepXkKaHi pe3yIbTaTH 110
30yKCHHIO Ta KepyBaHHIO mapamerpamu [TAX Ha emiTakciaabHOMY apCeHijli Tajiio 3 BUCOKOK KOHIICHTPAIII€0

HOCI1B 3apsiny.

BaxniBoro BiX0l0 Ha NUIAXY IIMPOKOTO BIPOBaKeHHs TexHikH [IAX y paiioeneKkTpoHHI cucTeMu
PI3HOMaHITHOrO IPU3HAYEHHS € PO3pOOKa MepeHacTpOOBaHUX Ta nporpamMoBanux [1AX-npuctpois: JI3,
¢hinpTpiB, OaraToBigBiAHUX JI3, y3romkeHNX QUIBTPIB 111 0OPOOKH CUTHATIB 31 3SMIHHUMH KOAAMH TOIIO
[1...12]. ITepemukanust (ha3u BUKOHYEThCS 32 JonoMoroto BU-nepemMnkadiB 3 o1/ IINM iHTETPYBaHHAM
BUXiTHHUX curHaTiB. [{ikaBUM € 3acTOCyBaHHS JIJISI Ii€1 METH MaTepiaiiB 3 KEPOBAHOIO MIBUKICTIO
posnoscromkeHHs [TAX. Taxi npuctpoi MOXKyTh OyTH BHKOHaHI 10 TiOpHIHiit a00 MOHOJITHIA TEXHOJIOTIi Ta

3HAWIYyTh MIMPOKe 3acTocyBaHHA B cucTeMax PJIC Ta cuctemax 3 po3IIMpEeHNM CIIEKTPOM.

[IIupoke 3acToCyBaHHS aKYCTOEJIEKTPOHHUX TMPHUCTPOIB, Oe3nepepBHE

PO3LIMPEHHS] Ta YJIOCKOHAJIEHHS iXHIX (YHKLIOHAJBHUX MOMKIIMBOCTEH Ja€



3HaYHUI TEXHIKO-€KOHOMIUYHUN e(eKT, OCHOBHHUMH TIOKa3HUKaMU SIKOTO €:
MiIBUIIEHHS TOYHOCTI BU3HAYCHHS BIiACTaHI (BHCOTH) paaiofOKaIliiHUMHU
3aco0amu B 5...10 pa3iB 3a paXyHOK CTaOUILHOCTI IIBUKOCT1 PO3MOBCIOIKEHHS
aKyCTUYHUX KOJHMBaHb Y KpPHUCTallaX; 3HWKEHHS rabapuTHUX PO3MIpPIB Ta MacH
amapaTypu B JCCATKM pasiB 3a paxyHok HuXK4oi (y 50...100 Tuc. pasiB) y
MOPIBHAHHI 3 €JNEKTPOMAarHiTHUMU XBWISAMH, IIBHIKOCTI pPO3TOBCIOIKEHHS
aKyCTUYHUX XBWJIb Y TBEPAOMY TiJIi; MIABHUIIECHHS HAIIHHOCTI Ta €(PEKTUBHOCTI
po0OOYOTO 3aCTOCYBaHHS CHUCTEM PaiOCICKTPOHHOTO OCHAIICHHS 33 PaxyHOK
MOJKJIMBOCTI 3[IMCHEHHS HEMEepepBHOrO BOYAOBAHOTO KOHTPOJIO TOYHOCTI
po0OOTH palioIOKAIIHHUX 3aC001B; CYTTEBE 3HUKEHHS 4acy TOTOBHOCTI CUCTEM;

3HIKEHHSI METAJIOEMHOCT1 BUPOO1B; PO3IIMPEHHS PUHKY 30yTY MPUCTPOIB.

Opnieto 3 nepeBar [TAX-nipucTpoiB € Te, 110 BOHU BUTOTOBJISIOTHCA HMUIIXOM
HAHECEHHsI TOHKUX METAJIeBUX IUIIBOK Ha M'€30€JEKTPUYHY MIAKIAIKY 3T1IHO
TEXHOJOIll BHUIOTOBJIEHHS IHTErpajbHUX cXeM. lle BIOKpUBa€ MOXKIUBICTD
KOHCTPYIOBaHHS MPUCTPOIB, 110 HE NOTPEOYIOTh HACTPOIOBAHHS, HEOOXIAHOTO JIJIS

1HyKTUBHO-EMHICHUX (1IBTPIB.

Haneceni Ha m'€30€MeKTpUYHY TMIJIKIAAKY TOHKI METalieBl IUIACTUHKU
YTBOPIOKOTh CTPYKTYPY 3yCTPIYHO-IITHPHOBOrO TiepeTBOoproBavya (man. 1.3),

MPU3HAYEHOTO /115 30Y/IKEHHS TOBEPXHEBOT aKyCTUYHOT XBUJI.
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Puc. 1.3. /IBox¢a3umii 3ycTpiuHo- mTHPLOBHI mepeTrBoproBay [TAX

Lleit nepeTBoproBay 30y/Ky€e TOBEPXHEBY aKyCTHUHY XBHIIIO, TTOJIE€ SIKOT €KCTIOHEHIIHHO CTIajiae 3 TIIMOWHOIO
3pa3ka, MPUIOMY TNIMOWHA TIPOHUKHEHHS — MOPSAKY HOBXHAHU XBUi [3...5, 9]. Ha wactoti 40 MI't mpu
MIBUAKOCTI TOIIUPEHHS PUOJIM3HO 3 KM/C, TIIMOMHA TPOHUKHEHHS! XBHIII — MOPAAKY 75 MkM. Enekrpony, mo
YEePIyIOThCS, 3yCTPIYHO-IITUPHOBOIO NIEPETBOPIOBAYA i KITFOYAIOTHCS JI0 JBOX EICKTPHUYHHX IIUH (BXiIHA 1
BUXijIHA JIiHiT). SIK npaBuUIIo, nepioJ 3yCTpiuHO-IITHPhOBOTO neperBoproBaya (3LLIT) (BincTanb Mixk HeHTpamMu
napH eJIEKTPO/IiB) NPUOIN3HO JOPIBHIOE OAHIN JOBXKHMHI XBUJI; HATIPUKIIAJ, Y TeJeBi3iitHOMY (iIbTpi TPOMIKHOT
gacrotu (IT4) 40 MI'n nepion 3LUIT nopiBHIoe 75 MkM. TUNOBa MIKUpPHHA €IEKTPOIAa — MOPIIKY YBEPTI

JIOBXXKMHH XBHJIi, TOOTO B JaHOMY BUIIaAKy 20 MKM.

[IpucTpoi Takoro THUIy MOXYTh OyTH BHUTOTOBJEHI 3 Oyab-sIKOIO 3a/1aHOIO
aMILTITYIHOIO i (ha30BOI0 XapaKTEPHCTUKOIO B TIOTPiOHiH cMy3i uacToT. Ix MoxHa
CKOHCTPYIOBaTH 13 3aJaHUM BIATYKOM 1 HaBiTh 13 BIATYKOM Ha CHeliaJIbHI
aHajoroni a6o 1udpoBi kKoau. Taki MPUCTPOi MOXKYTH MpPAIIOBATH B Jllala3oHi

gactoT Big 10 MI'g mo 2 I'T1.



YacoBuit Biaryk I[IAX-meperBoproBada HEBaXKKO pPO3paxyBaTh Ha OCHOBI
IPOCTUX TEOMETPUYHUX MIpPKyBaHb. JSIKIO BIJOMHUN 4YacoBMH BIATYK, 3a
JIOTIOMOTOI0 METOJiB TepeTBOpeHHs @Dyp'e JIerko 3HAWTH YaCTOTHUH BIATYK
¢binpTpa. Y Takuil cmocid MOKHa JOCHUTH MPOCTO CTBOPUTHU TPaHCBEPCATbHUMN

GUIBTP 13 3a71aHOI0 YaCTOTHOIO XapaKTEPHUCTHKOIO.

CroyaTKy pO3TJISIHEMO 3 TOUYKHM 30pYy (PI3UKH MPOCTUM MpUKIan PuUIbTpa 3
QpPOBUM KOAYBAHHSIM, SIKHA MOXHAa BHKOPHUCTOBYBAaTH SK JUIsl TeHeparlii

U(POBUX KOJIIB, TAK 1 SIK MOTOHKEHUHN NMpuiiMay BU3HAYEHOTO U(PPOBOTO KOJY.

Po3risitHeMo 3ycTpidyHO-IITUPOBUIN NEPETBOPIOBaY, 300pakeHuil Ha puc.l.4.
MertaneBl €JIEKTpOJM HAHECEHI Ha I'€30€JeKTPUYHY MIJKIAAKY, 1 KOXHUUN
3'eTHAaHUM 3 OJHIET 3 ABOX BXIJAHMX IIMH. Ha Ty X migkiagKy HaHECEeHb IMPOCTH
NpUiiMaNbHUI MEPEeTBOPIOBAY 13 JABOX €NeKTpoAiB. IIpu momaHHi Hampyru Ha
KOHTAaKTHI IIMHU Ha €JEKTpOoAaX BUHUKAIOTH 3apsAau NMPOTWICKHUX 3HaKiB. L1
3apsAaM  y  CBOKO  4epry 30Yy/DKYIOTh TOBEPXHEBI aKyCTHYHI XBWJII B
'€30€JEKTPUYHOMY MaTepiami.. AMIUNTyJa CUTHAJy HOBEPXHEBOI AKYyCTHYHOI
XBWIL, 30yJKEHOI METaJIeBUM €JEKTPOAOM, Mae OyTHM NpomHopliiiHa 3apsany Ha
€JIEKTPOJl, TOOTO HOPMAJIbHOMY KOMIIOHEHTY €JIEKTPUYHOrO TOJI Ha MOBEPXHI

€JIEKTpOoIa.
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Puc. 1.4. ITAX-¢iabTp i3 nndppoBumM KOAyBAHHAM.

VY 300paxeniii Ha puc.l.4 xoHdIirypauii nepuia napa ejJeKTpoAiB y MHpasii
YaCTHHI BHUIIPOMIHIOIOYOTO MEPETBOPIOBaYa MOXKE BBaXKATHCS TOJSPU30BAHOIO
MO3UTHBHO, a KO’KHA MapHu €JIEKTPOIIB MOXKE PO3IsiIaTucs siKk KoHaeHcarop. Toxi

IIpY MOJIAHHI HAMIPYTH Ha NEPETBOPIOBAY 3aps]l HA €JIEKTPOol Oye MponopLiiHuN



NPUKIAEHIN Hampy3i. 3aps Ha MepIIoMy eJIeKTPOIl MepIIoi mapi nepeTBoproBaya
30y/Ky€ TO3UTHBHUM aKyCTUYHMNA IMITYJIbC, 3a SIKUM I/I€ HEraTUBHHUN IMITYJIbC,
KOTpHUI 30yIKYETHCS 3apsiioM MPOTHIIEKHOTO 3HAKY 1HIIOTO E€JIEKTPOIY IIET K
mapy eJNeKTpoAiB. BigzHaummo, 1m0 Apyra mapa €IeKTpOAIB TpPHUETHAHA 10
KOHTaKTHHX IIIMH MPOTUJICKHOTO 3HAKY B MOPIBHSIHHI 3 mepuioto napoto. [lepmit
paniogactoTHul (PY) akycTUUHMI IMITYJILC POXOIUTH JIIHIIO 3aTPUMKHU Y BUTJISII
OJTHOTO TEpIOAY TOHAJIBHOTO TMOBIJOMJICHHS; 3a HHM #ae Apyruil moaiOHui
IMITyJIbC ~ TPOTHJIEKHOTO 3HaKa, 30y/UKEHUH Jpyror Mapoio  eJIEKTPO/IiB
(MONSAPHICTh SIKUX TPOTHIICKHA TEpIIi mapi). Y CBOIWO dYepry KOXKHa Tapa
eneKTpoAiB 30ykye PU-iMmysbe, Tak 1o B JiHii 3aTpuMku Ha [TAX 30yKyeThest
KOJI0OBaHa MOCIJOBHICTh IMITYJIbCiB, 00YMOBJIEHA T€OMETPIEI0 EIEKTPO/IIB Ta iXHIM
enektpuuHuM 3'eaHanHsaM  [10, 11]. L cepis PY-immyneciB 3 1uudpoBuM
KOJIyBaHHSIM MO>Ke OyTH IMpUITHATA MPUHMaIbHUM MEPETBOPIOBAYEM, Y PE3YJIbTATI
4yoro Ha BUxoji | TpaHcBepcanbHOTO PUIBTPY HOPMYETHCA KOAOBAaHUIM CUTHAN + —
+ + — , BUIISJ SIKOTO BHU3HAYAETHCS TEOMETPUUHOIO KOH(irypariero (uibTpa.
Takuit koj HasuBaeTbcs OidazHum 1udpoBuM koaom, a PU-immynbc, abo

TOHAJIBHEC HOBiI[OMJ'ICHHﬂ, — CJICMCHTOM KOAOY.

[e#t camuii mpuCTpiii MOXKE BUKOPUCTOBYBATHUCS 1 SK MPUKAMay KOJIOBAHOTO
CUTHalTy. Y LbOMY BHUIAAKY 3apsi, [0 BUHUKAE Ha EJNEKTPOAl BHUXIJHOTO
MepeTBOpIOBaya, MPOMOPIINHUNA aMIUTITYAl aKyCTHYHOTO CHUTHaldy, a BUXiJHA
Hampyra NepeTBoproBavya — IbOMY 3apsay. SIKIIo Ha JIIBUH HepeTBOpIoBad (JIUB.
puc. 1.4) mogaeTbcs eNEKTPUYHUIN CUTHAT + — + + —, 1110 BIANOBiAa€ 0OEPHEHOMY B
yaci uuGpoBOMy KOy, TO MEPIINI €1eMEHT LOTO KOy, BUITPOMIHIOBAHU JIIBOIO
[apolo eJEeKTPOIB, € MO3UTUBHUM PUY akyCTMUHHUM IMITyJIbCOM, IO BUHHUKAE 32
pPaxyHOK TOTrO, 110 Ha «HETaTUBHUI» NepeTBOproBad nojaerbest PY enexTpuuHuin
IMITyJIbC HEraTMBHOI MoOJIApHOCTI. Llelt akycTMYHUN IMIyJIbC NPUXOAUTH Ha
NpUiiMaTbHUN TEpPeTBOPIOBAY y TOW e dYac, MO 1 JAPYrHdl eIeMeHT KOy,
BUIIPOMIHIOBaHUH JIPYrol0 NMaporo enekTpoaiB. OCKIIbKA BXITHUN KOJ BiJANOBIJIA€
KOAYy MepeTBOpIoBada, TO BCl €JIEMEHTH KOIYy HpUXOIATh Ha MNpUHUMaTbHUN

MepeTBOPIOBAY OJHOYACHO 1 TMEPETBOPIOIOTHCS B EJIEKTPUYHI CUTHAIW OJHIET



nosisipHocTi. Lli curHanu AomaroThCs, y pe3yiabTaTi 4yoro (OpMYETbCS CUTHAI
aMILTITY/I0I0, Y M'ATh pa3iB OUIBIIOI0, HIK Bl OAMHUYHOI Mapy BUIPOMIHIOIOUUX

CIICKTPOIIB.

SAxmo XK Ha JIHIFO 3aTPUMKH TOAAETHCS IHIMAKA CHUTHAJ, IO Mae
MOCIOBHICTh MO3UTHBHUX 1 HeraTUBHUX PYU-iMmynbCiB, 10 BIIPI3HAETHCS Bijl
3a/1aHOi, TO B JKOJIEH 3 MOMEHTIB 4Yacy BIH HE BIAMOBITATHME MOJISIPHOCTI BCIX
MPOCTUX TEPETBOPIOBAUIB (TIApH E€JEKTPOIIB), IO CKJIAMAI0Th BUIPOMIHIOIOYUI
nepeTBoproBay. [HIMMU clIoBaMM, CHUTHal 1 BIATYK (LIbTpa HE3KOpEIhOBaHI,
BHACIIIJIOK YOr0 BUXIJHUM curHan Oyae MeHmud no amiuntyni. Lle — mpoctuit
MPUKIIAJ 3JaTHOCTI TPaHCBEPCAIBHOTO (iIbTpa 10 PO3Mi3HABaHHS 00pa3iB 1 JI0
BUOOpPY CHUTHaJIy 3 3aJaHUM KOJOM 13 BCIX IHIIUX CHUTHaliB. Tak 3BaHUU
OPTOTOHAJILHUYN HAOIp KOJAIB BU3HAYAETHCA SIK TaKUM HAOIp, ISl IKOTO BUXIAHUHN
CUTHAJI Ma€ OJIMHUYHY aMIUTITYAy TMpPHU HEY3TOHKEHOCTI KoJiB 1 ammunityay B N

paziB OLIBITY IJIs Y3rOHKEHUX KOIB TOBKUHOIO B N eJIeMEHTIB.

VYV 3arajbHOMY BHUIIQJKy MOXHA I[IOKa3aTH, IO MiHIMAJIbHA IIUPUHA
BUXIJTHOTO IMIYJbCY T BU3HAYAETHCS IIUPUHOIO cMyrd B cucremu 1 OpiBHIOE
npubau3Ho T = I/B. ko T — 1oBXKWHA KOJOBAHOTO IMITYJILCHOT'O TOBIJJOMJICHHS,
T1 T — JIOBXMHA OJIHOTO €JIEMEHTa KOAy ab0 IMIyJIhCy MIHIMAQJIBbHOI JOBXKUHU (Y
HaIllOMYy BHUIIQJIKy I OyJe IMITYJbC, IO BIAIMOBIJA€ CUTHANY BIJ OAHIET Mapu
€JIEKTPO/IIB 200 OJHOTO eleMEeHTY). BigHOIIEHH TOBXUHU BX1IHOTO IMIYJIbCY 10
JIOBXMHHM BHIX1IHOTO JOpPiBHIOE, oTXke, T/t abo mpubmmsno TB. Ile — moOyTok
yacy 3aTpuUMKu (UIbTpa Ha CMYTry TMpPONYCKaHHS, Ha3BaHUN Koe(IiliEHTOM
CTUCHEHHS IMITYJIbCY. AMIUTITYJ]a BUXITHOTO IMITYJIbCY 3017bIIY€THCS TOPIBHIHO 3
aMIUTITYJIOI0 BXIJIHOTO B T€ >K€ YUCIO pa3iB; Iel KOEPIIIEHT XapaKTepU3ye
BUTpAIll Y BIHOIIEHHI CUTHAJ/IIyM Mpu oOpoOui curHaiiB. BigzHaunmo, o s
1upoBOT0 KOAY KOe(DIIEHT CTUCHEHHsA iMmyibcy B N pasiB Ouibiie uwmcia

enemeHTIB Koy 1 N ~# TB.

Jlist OubIl TIOBHOTO PO3YMIiHHS 171€i CTUCHEHHS IMITYJIbCY PO3TIITHEMO

curHaia 3 IU(pPOBUM KOJyBaHHSIM JOBXKHHOIO B N enemMeHTIB (KOXXKHUM Mae



3HayeHHs + 1), m[0 HAAXOAWTH HA BXIA Y3TOKEHOTro (inbTpa B HPUCYTHOCTI
BumaakoBoro koay (mymy) [10]. Ha Buxoai y3romxeHoro GinbTpy (GopMyeTbes
OJIMHUYHUH IMITyJIbC TpuBamicTio 7. OTke, oro ammiityaa Oyzae 30iabieHa B N, a
mikoBa BHXigHA MOTYxkHicTh — y N pasis. Jlyxke JOBIUil BHMAIKOBHIl IIYMOBHIA
curHai (HampuKIal, HEy3ro/pkeHud HU(PpOoBUN Koa) He Oyae KopentoBaTH 3
BIITYKOM y3rOJDKEHOro (inbTpa, 1  €JIEMEHTapHI CHUTHAIM, 10 CKJIaJaoTh
BUXITHUN CHUTHAJI, HE OymyTh gomaBatucs y (aszi. 3 iHIIOro OOKy, MOTYXHICTh
myMmy Ha Buxoji ¢uisTpy O0yne B N pa3 Ouiblie, HiXK BiJ OAMHUYHOTO €JIEMEHTY
BUITAJIKOBOTO KOJYy a00 IIyMOBOTO CHUTHAIIy, TOMY IO NPUHAMAHHS BEACTHCS
MOEJIEMEHTHUM (DUIBTPOM 1, OT>KE, TOTY>KHOCTI I0JIaI0THCA Ha KOKHOMY €JIEMEHTI
bineTpy. ToMy cepenHsa BUXIHA MOTYXXHICTh IIyMYy BUMaJAKOBOTO Koay Oyzae B N
pa3 Oulbllle, HIXK OJJUHUYHOTO €JIEMEHTA, 110 30UIBIIUThL MIKOBE 3a MOTYXKHICTIO
BIIHOIIICHHS CUTHAJI/IIIYM Ha BHXOJl B N?/N pa3, a Iie JOpIBHIOE KOE]IiIlIEHTY

CTUCHEHHS iMItysibcy N = T/z.

Xapakrepuctuku nmpucTpoiB Ha [TAX cuiibHO 3anexarh BiJi KOHCTPYKTUBHHUX
0COOIMBOCTEM 3yCTPIYHO-TITUPOBUX MePETBOPIOBAYIB. OnHopiHun
MEePETBOPIOBAY 3 MOCTINHOIO JOBXUHOIO €JIEKTPOJIB 1 OJJHAKOBOIO BIJICTAHHIO M1XK
napamu eJeKkTpoAiB 300paxeHo Ha puc.l.3. [Ipunyctumo, Mo muprHa eIeKTpoaa
Jy’)Ke MaJla TIOPIBHSHHIO 3 JOBXHHOIO XBWJl. Y [2...5] mokazaHo, IO 3a TaKUX

MIPKYBaHb

Aw(305) 1

CnaganHs  xapaktepuctuku Ha  3,00b  BigOyBaeTbcsi B TOYKax

Aw(30B)/t,=0,89/n, mo BimobpaxeHo Ha Puc.1.5.
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Puc. 1.5. I'padiku pynkmii |(Sin X)/X| y nenubenax

OueBHIHO, LIO SKIIO TEBHMM YHHOM 3MIHUTU JOBXHHU €JIEKTPOIIB 1
BIICTAHbP MDK HHUMH, TO MOXHa oJepkaTh OyAb-sIKy QopMy BIATYKY
neperBoproBadya. Taka 3MiHA JOBKMHHU €JIEKTPOIIB HA3UBAETHCA aloOgU3aLlIElO.
Hanpuknan, npu OgHAKOBIM BIACTaHI MDK €JIEKTPOJAaMH, SKIIO iXHSA JTOBXKHHA
3MIHIOETBCSI TIpoTIOpIiAHO  [(SiN X)/X|, a TONAPHICTH eNeKTpoJa 3aJCKHUTH BiJ
3HaKy (QyHKIIT (SIN X)/X, TO MOBHUI 3aps Ha EICKTPOi Oyie 3MIHIOBATHUCS SIK
(sin X)/x. Buximaum curHajioM ImepeTrBopioBada Oyme Dyp'e-o0pa3 curHaity
30y/DKeHHSI  €JIEKTPOJIIB, YHACHIJIOK YOro YacTOTHA XapaKTePUCTUKA Oyre
npsiIMOKYTHO0. CKIIaHICTh, 3BUYAIHO, MOJIATAE B TOMY, 110 TEOPETUYHO JTOBXKHHA
NepeTBOproBaya IMOBHMHHA OyTH HECKIHUYEHHOIO. bigbmr Toro, uumMm Omkue
eJIEKTPOJIM JI0 Kparo MepeTBOPIOBaya, TUM MEHIIY JOBXXHHY BOHM IOBHUHHI MaTH;

NP [IbOMY OCHOBHUMHU CTalOTh MpolecH qudpakiiii akyCTHYHOI XBHUIII.

Haii0isb111 0ueBUIHUM, HA TIEPIIUHI TOTJISAl, METOJIOM arou3allii € 30BHIIIHE
3Ba)XKyBaHHS. 3a JIOMTIOMOTOI0 30BHIIIHIX IIYHTIB (PE3UCTUBHUX a00 €MHICHHX) MIXK
napamMu CyCIJIHIX €JEeKTPOJIB 3aJar0ThCi PI3HMII MOTEHLIANIB, MPOMOPLINAHO
aMIUTITyAl  BIAMOBIAHOTO €JIEMEHTY IMIIYJIbCHOTO BIATYKY. [HTEHCHBHICTB
CJIEKTPUYHOTO MO MDK OyIb-IKUMH CYCIAHIMH TPOTH(PA3HUMU EIEeKTPOIAaMHU
BU3HAYAETHCS JIMILE PI3HUICIO TXHIX TOTEHIIaliB, OCKIJIBKHA anepTypa MepeKpUuTTs
BCIX €JIGKTPOIB mTocTiHa. Takum YwHOM, iH(MOpMAIlS TPO 3aKOH MOJYJISIIT
“3anmuMcaHa” B 1HTEHCUBHOCTI a00 UIUIBHOCTI aKyCTMYHOTO MOTOKY. Y IbOMY

BUIAJIKy BUXIJIHUN TEPETBOPIOBAY MOXE MaTH JOBUIBHY ameptypy. HesanexxHo



BiJl aliepTypu CUTHAJ HAa BUXO/I1 Oy/ie BIAMOBIIATH IMIIYJICHOMY BIATYKY BX1JTHOTO
NepeTBOpIOBavya (BPaxOBYIOYH BIUIMB KIiHIIEBOI CMYTH TPOITYCKaHHS BHXIIHOTO).
[Is BakJIMBa BJIACTUBICTH 30BHIINIHBOTO 3BaXKyBaHHS J03BOJISIE TOEIHYBAaTH B
CHUIBHOMY aKyCTHUYHOMY ITOTOIIl Of[pa3y JBa aroJu30BaHi IEPEeTBOPIOBAYl, 3HAUHO
30UIBIIYIOUM TPUTHIYCHHS CHUTHAIIB I03a CMYrow mnporyckanus [1, 3, 6, &,
9...12].

Y meroai Ge3nocepeHbOr0 3BaKyBaHHS 3I1HCHIOETHCS 3MiHA MEPEKPUTTS
(TOBXKMHU)  €NeKTPOMIB Yy  BIAMOBIMHOCTI 3  3aJaHOI0  IMITYJIbCHOIO
XapakTepUCTHKOI0. Llei Bua 3BaKyBaHHS MOXKE PO3TIIAIATHCA SK aMIUTITYIHO-
IMITyJIbCHa MOJYJIALIS curHaiy. llepeBaroro 1poro MeToay € BHUCOKa pO3lIbHA
3JIaTHICTh, OCKUIbKM 3Ba)KYBaHHSI MOKE€ Bi1IOyBaTUCs O€3MEpEepBHO B IIUPOKOMY
Jlanas3oHl.

Bigomo, mo aist oguopianoro 3T aMmmiTygHO-4acTOTHA XapaKTEPUCTUKA
mae Bursin SinX/X [1, 3, 6, 8, 9...12] i piBeHb O1YHUX MEIIOCTKIB AYXKe BUCOKHUH:
—13,46 nb. Opnak, yxe mis (iabTpa, 10 CKIAAAETHCA 3 JABOX OJHAKOBHX
onHopiguux 3T, piBeHs O1YHUX MENIOCTKIB ciafae 10 —27 Ab, 110 € HACTiAKOM
3rJ1a/KyBaHHS IMITYJIBCHOT XapaKTepUCTUKH 10 KpaiB. Takuil pe3ynbTaT miaKazye
NUIAX 3HWKEHHSA OIYHMX TeNocTKIB y ¢iabTpax Ha [TAX — 3rmamkyBaHHS
IMITYJIbCHOI XapaKTepUCTUKU (inbTpa A0 KpaiB, TOOTO MHOXKEHHS 1i Ha JACSIKY
cnajarody 10 KpaiB (yHKIIO, 10 3BaXKy€, Ha3BaHy (YHKIIEIO amoau3arlii 4u
amoJu3allisl IMIMyJbCHOI XapakTepucTuku. Lleit MeTon mupoKo 3aCTOCOBYETHCS B
Teopii mudpoBux GuUILTPiB. JloCHTh 9acTo Po3poOISIETHCS BIIBTP TUITY «KOCUHYC
Ha M'efecTami», Uil sSKoro QyHKIIIO anoau3aiii OepyTh y BUTIAMI (PYHKITT
Xemminra [1, 4, 8, 10]:

Kpim amommzarii 3a XeMMIHroM, MOXHa BHUKOPHCTOBYBATH ¥ amou3aIliio

UebumeBa, Kaiizepa, SinX/X Tta iH., 1110 J03BOJIAIOTH BUKOHYBATH CHHTE3 (DUITPIB



Ha [IAX 3 xapakrepucTMKaMu, W10 3aJOBOJBHSIOTH BUMOTaM CYy4YacCHOIL
PaZloeNIeKTPOHHOI anapaTypu.

Opni€ro 3 TOJIOBHUX MpoOJieM, BIIACTUBUX METOJY 3Ba)KyBaHHS 3MIHOIO
JIOBKUHU €JIEKTPO/IIB, € TOYHE BIATBOPEHHS MaJIUX aMIUIITY/, 110 BUMAaraerbcs
JUIS peamizaiisi 3aTyxaHHsS B cMy3l 3aropopkeHHs moHan 50..60 6. ILle
oOME)XEeHHS TIOB's3aHO 3 i€l edekty audpakiii myuka [TAX Big Manux anepTyp.
CnoTBopeHHs k aMIUNTyHOTO 1 (pazoBoro ¢pontiB [IAX B anoauzoBanomy 31T
MPAKTUYHO BUKIIOYAIOTh MOKIJIMUBICT BUKOpPUCTaHHS ABox mnoniOHux 3LIIT B
olHOMY (IBTPI 3 METOI0 TEPEMHOXKEHHS iXHIX (QYHKIIA Tnepenadl Ta
nocyia0JaeHHs] BUMOT ISl BXIJIHOTO IEpPETBOpIOBaYa. YCYHYTH II0 MpoOsieMy
no3Bossie  BukopucTaHHs iHmoro 3IIIT 13 mopiBHAHO TIOCKUM  (POHTOM
BurnpomintoBanux [TAX.

BinOutrss Big  6araTtoenekTpoJHOI  CTPYKTYpH  MOXKHA  3MEHIIHTH,
3actocyBaBii cTpyktypu 3UIII 3 posmiimieHuMu elnekTpojgamMu, 3 3JIaMOM
CICKTPOAIB T03a 30HOI NEPeKpUTTS abo cekiioHoBaHi 3IIT 3 mepiogumaHuM
MPOPIHKYBAHHSM  €JEKTPOJIIB. 3 METOI0 3MEHIIEHHS BTpaT, OOYMOBJICHHX
JNBOHANpaBieHIicTi0O BunpomiHeHHs [IAX, BHKOPHCTOBYIOTH OJHOHAINpPABIIEHI
3HIII, ogHa 3 MOJOBHH $KOTO 3MillEHAa Ha TOJOBUHY JOBXHHHM XBWJIl 1 €
BizOuBaveM 1t ooepHenoi [TAX.

3Ha4YHO PO3UIMPUTHU CMYTY IPOIYCKAHHS B MOPIBHSIHHI 3 €KBIIUCTAHTHUMU
3HIIT MOXKJIMBO HUIIXOM 3Ba)KyBaHHSI MPOCTOPOBOTO MEPIOAY €JIEKTPOJIB Y3I0BK
9y BIONMEpPeK HamnpsMky mnomupeHHs I[[AX. 3BaxyBaHHS TpuU BHOIPKOBOMY
BUJTYUYEHHI €JIEKTPOAIB 3A1MCHIOETHCA 3aBASKH IEPEpPO3NOJAUTY 3apsiaiB  MIXK
eJIEKTPOJAaMH, 1[0 BUHUKIIO MPHU 1IbOMY. MeTo1 aHayioriyHui KoMOiHaIlli 4acoBO-
IMITyJTbCHOI Ta MIMPOTHO-IMITYJIBCHOI MOAYJIAIT CUTHATy. 3aCTOCYBaHHS THX YH
1HIMX koHCTpykuii 31T 3 pisHUMU MeToaMu 3BaXKyBaHHSI BU3HAYAETHCS KOJIOM

BUMOT JI0 TapameTpiB npuctpoisB Ha [TAX.



Knacudikaris JI3 ma [TAX npusenena na puc.1.6.

Jlinisa 3arpumku Ha [TAX

v N

JIiHii 3 OMTHOKPATHOIO

BararosiaBigui jrinii

3aTPUMKH

Jucnepciiini jiHii

3aTPUMKOIO

3aTPUMKHU

JIinii 3 (hikcoBaHOIO
3aTPUMKOIO

JIinii 3 ¢pikcoBaHOIO
3aTPUMKOIO

JIinii 3 peryinpoBaHOIO
3aTPUMKOIO

JIinii 3 peryiaboBaHOIO
3aTPUMKOIO

Puc.1.6. Knacudgikanis ginii 3atpumkn Ha ITAX

B Ttabmuui Ne 1.1 mpuBeneHO OCHOBHI XapaKTEPUCTUKH JIESIKUX JIHIA

3aTpuMKH Ha [TAX, 110 BUpoOISIOTHCS CEpINHO.

Taoaunsa 1.1.

IMapameTpu Jainiii 3atpumkn Ha [TAX

HaiimenyBanHsi mapameTpiB Tun ninii 3aTpumMkn
JI3IIB-1 JIBITIB-2 | JI3IIIB-
3
Howminansna yactora, MI'1g 15+ 0,2 15+ 0,2 15+ 0,2
Cwmyra mpomyckanHs 1mo piBHiO -6 nb, MI'n, He 6,0 6,0 6,0
MEHIIIE
Yac 3aTpuMKH MiX BXiJIHUM CHUTHAJIOM I CUTHAJIOM 2+0,05 3+0,05 3,2+0,01
3 MEPIIOTO BiJIBOY, MKC
Brecene 3racanHs Ha OCTAHHBOMY BiBOII, A, 40 40 40
HE OlJIbIIe




Temmeparypuuit koedimient sarpumku, 1/°C, 10 10 10

He OlblIe

BUCHOBKH

1.IlpuBeeHa mopiBHSUTPHA XapaKTEPUCTUKA (QYHKITIOHATLHUX MPUCTPOIB Ha
00’eMHHMX 1 TIOBEPXHEBUX aKyCTHUHHUX XBWIAX. Jlana xmacudikamis miHIN
3aTPUMKH Ta JIETAIBHO PO3MVIIHYTI HaWOUIBII XapakTepHI KOHCTPYKTHBHI

peainizalli JiH1i 3aTPUMKH Ha IOBEPXHEBUX AKYCTHYHHUX XBUIISIX.

2.DyHKIIOHATIBHI MOJIMBOCTI  aKyCTOEJNEKTPOHHUX MPHUCTPOIB 3HAYHO
PO3MIMPMINCH 3 TEPEXOJIOM BIJ MPOCTUX MPUIAJIIB Ha 00’€MHUX aKyCTHYHUX
XBWJISIX 10 3HAYHO CKJIAJHIMIMX MPUCTPOIB HA MOBEPXHEBUX aKyCTUUHHX XBHIIAX,
K1 3HaXOJATh IIUPOKE BUKOPUCTAHHS Ui reHepallii i 00poOKH BUCOKOYaCTOTHUX

CHUTHAJIIB B CICKTPOHHHX CHUCTCMaAX piSHOMaHiTHOFO IMPU3HAYCHH.

3.Benmukuii iHTepec A0 MPUCTPOIB Ha TMOBEPXHEBUX AKYCTUYHHX XBHIISIX
3YMOBJICHO BIJJOMHUMH OCOOJIMBOCTSIMHU TIEPETBOPEHHA i po3noBcrokenns [1AX, a

TaKOoX ycrixamu (oTo- Ta eJIEKTPOHHO-MPOMEHEBO1 JiiTorpadii.

4.@yukimionanbHi npuctpoi Ha [TAX B TemepimHiil yac mpeacTaBieHi
IIMPOKOI0 HOMEHKJIATYPOK MPHUCTPOIB: By3bKOCMYIOBUMHU Ta IIUPOKOCMYTOBUMU
¢bipTpamMu, JHISIMU 3aTPUMKH, KOMYTYIOUMMHU HPUCTPOSIMHU, PE30HATOpaMu Ha
[TAX, nucnepciinumu QuibTpamu ctucHeHHs JIUM-curHany, npuCTposSMU
3amaM’sITOBYBaHHS W BU3HAYEHHsA 4YacTOTH, TreHeparopamu Ha [IAX|

CUHTE3aTOpPaMH YacTOT Ta PSAJOM 1HIIHUX IPUCTPOIB.




2. TEOPETUYHA YACTUHA
2.1. MaremaTH4Ha MO/eJb JIiHII 3aTPUMKH

HA MOBEPXHEBUX AKYCTHIHHUX XBHJISAX

I[Ipu po3podbumi JI3 nHa I[IAX 3 BY3BKMMHM CMyramMu HPOITYCKaHHS
(Af5/f5=1,0...5,0%) criocTepiraroThCs 3HaUHI BIAMIHHOCTI pe3yJIbTaTiB, OJICPIKaHUX
NpU pO3paxyHKaxX, BiJ MaHWX eKcrepuMeHTy. OHI€I0 3 TOJOBHUX MPUYUH ITUX
BIJIMIHHOCTEH € OaraTopa3oBi BiJIOMBaHHS Yy 0araTOEJICKTPOJHHMX CTPYKTypax
nepeTBoproBadiB. i mnoOynoBu By3bkocMy>kHUX JI3 Ha [TAX BUKOPUCTOBYIOTHCS
PI3HOMaHITHI KOHCTPYKIli 3yCTPIYHO-IITHPOBUX NEPETBOPIOBAUIB: OJHOPIIHI Ta
cekuionoBani 3III 13 mpopimkyBanusam enektpoxi, 31T 3 yBepTHXBUILOBUMHU
BinouBauamu, 311II1 3 po3uiruienumu enexkrpoaamu ta inmii [1...16].

Haiibinpm  gorineHuM € 1oOynoBa MarematudHoi mojeni JI3 na ITAX nHa
OCHOB1 Mojzeni A - Jokepeln, y sikii mpumyckaetses, mo enekrpoau 31T e
JUCKPETHUMH JKEeperIaMu aKyCTHYHOI (EJIEKTPUYHOT) €HEeprii, 0 OMUCYIOThCs A-
GYHKIISIMY, 3aJaHUMHU Ha KpasX KOXXHOTO IITHUPs. [T CrpomieHHsS pO3paxyHKy
nBa A-ypKepena ofHi€el TONISPHOCTI, 10 HaleXXaTh OJTHOMY €JICKTPOAYy abo 3a30py,
00’€IHYIOTh B OJWH, IO 3HAXOJHWTBhCA B IICHTPI €JIeKTpojga abo 3azopy. Y
3aJIEKHOCTI B1J] 3HAUYEHHS KOE(ILIEHTY €JIEKTPOMEXaHIYHOTO 3B’ S3KY Yy pealbHUX
II’€30€JICKTPUKAX  TPEBAJIO€  TaHreHIlladbHa ab0 HOpMalbHAa  CKJIaJ0Ba
enexktpuyHoro nonus [4]. Tomy, MoxHa BBaxatu, mo [TAX y n’e30enekTpukax 3
cnabkum 3B’si3koM (kBapil SiO;) MoBepxHEBa aKyCTHYHA XBWIS  30YIKYEThCS
rapMOHIYHUMHU A-JpKepeliaMu, po3MIleHHUMHU y TieHTpax 3aszopiB 3IIII, a B
1’ €30€JICKTPUKAX 3 CHJIbHUM 3B’s13k0M (Hio0aT JiTiro-LINDO;, repmanar BicmyTy —
Bi;,Ge0y, cummikat BicmyTy — Bi,Si0,9, okcuay muHKy — ZnO, HITPHU aTIOMIHIFO
- AIN) - A-mxepenaMu, po3MIIIICHUMH y IIGHTPaX €IEKTPOJIiB. 3HAK CyMapHOTo A-
JUKEepella BU3HAYAEThCSI 3HAKOM EJIEKTPUYHOTO TIOJIs B K-TOMY 3a30pi abo Ha K-

TOMY €JIEKTPO/i, a aza — KOOPAUHATOIO €JIEKTPOy abo 3a30py.



VY pouni BuxifHO1 Mojaen po3risiHemMo ¢yHKIioHanbHy cxemy JI3 Ha [TAX
(puc.2.1), sska MICTUTD 1’ €30€EKTPUYHUIN 3ByKOMpoBia 1 13 mormHadamu [1AX 2
Ta 3, HEOOX1THUX ISl CTBOPEHHS PEKUMY ODKYUHUX aKyCTMUYHUX XBUJIb, BXITHUN 1

BUX1AHMN 3ycTpiuHOo-1ITHPOoBi 31T 4 Ta 5.
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Puc. 2.1. Tonosorist Jinii 3arpumkn Ha ITAX

[Tpu momaBanni Ha BXigHui 3ILIT enexTpuuHoro curHainy Ui, =Unexp j(2xft
+(Qg) Yy IPUJIETIIUX A0 €JEeKTPOJIIB IUISHKAX I’ €30€JEKTPUUHOTO 3BYKOIIPOBOAY 3a
paxyHOK TI1’€30€(peKTy BHMHHMKAIOTh MEXaHIYHI HaNpyrd, II0 MPU3BOJATH JO
30ymkennss [TAX, 1o po3moBCIOKYIOThCS B pi3HI cTropoHH. [IAX, sxa
redepyeThes BXigauM 311IT, MoxkHa TPEACTaBUTH K CyMy XBHIIb 8, III0 CTBOPEHI
KOXKHUM OKpeMHM A-mxepesnioM. Bei enexktpoau, mpueaHaHl 10 3arajibHOI IIWHU,
30yIKYIOTBCSI OJTHIEIO 1 TI€IO K HAIIPYTOI0 1 TOMY CTBOPIOIOTH XBUJIl 3 OJIHIEIO 1

Tieto X ¢azor. OmaHAK, OCKUTBKH eNeKTpoau po3mimieHi B3aosx 31T, To mo

nocsirHenHto Kinis 31T koxxHa 3 HUX Mae cBiif Gpa3oBuil 3CyB.



Hextytoun edeKkToM KiHEYHO! IIMPUHU ENEKTPOJIB MPU PIBHOCTI IIUPUHU
eIeKTpoay ¥ 3azopy, mpu skii edpexktuBHicTh 3IIIT mMakcumanbHa, 1 KUIBKOCTI
enekrponiB N>>1 na ocHOBI Mojem nauckpeTtHux A-mkepen [TAX nHa Buxomi

MEePIOoi CEKIIii BX1ITHOTO MePEeTBOPIOBaYa MOKHA MpeACTaBuTH [4...5]:

am = ;ak - yluex ;exp J(k _1)7[5 (2.1)

e a=yiUgeXpj(k-1)mé - TIAX, ska 30ymkyerbes K-TuM  A-mkeperom
(k=1,2,...,n1); y1 — KOe(DIIIEHT CIEKTPOMEXAHIYHOIO MIEPETBOPEHHS €ICKTPHUHOTO
curHany B [IAX; & = (fo — f)/fy =(A-Ao)/A - BimHOCHA YaCTOTHA PO3CTPOUKA;
ho=V/y; V-bazosa mBuakicts [TAX; fy Ta Ay —pe3oHaHCHa YacToTa Ta JOBKHHA
xBuii [TAX (Ao=Ap, e Ap-niepion 3IIT).

[licns BUKOHaHHA omepalii J0/laBaHHS y CIHIBBIIHOIICHH] (2.1) moBepXHEBY

aKyCTUYHY XBWJIIO Ha Buxoi1 BxigHoro 31T moxxHa mogaT y BUTIIsiAiL:

a=yu,Kep(jy), (2.2)

ne K, = Sin(n1%5)/sin(%5);

T
=N, —1)—93
\ZEY (ny )2 .

HaGiranns ¢asu [IAX Ha AUIAHII 3BYKONPOBOAY MIK IEpPETBOPHOBAYAMU
BU3HAYAETHCS CIIBBIAHOIICHHSM:

2r 2 A A
=, =N 22BN =—N(-5 2.3
ne N- uncno namiBaosxuH [TAX, 1110 BKJIa1at0ThCS HA YaCTHHI 3BYKOIPOBO/IA 3

y) A
JOBKUHOIO L, TOOTO L, = N ?0 =N ?"
Tom ITAX, mo npuiinuia no BuxigHoro 3IIII, mMoxHa momatv y BUIIISIL

CHIBBIIHOIIICHHS

a, =7u,K ep j('//l ‘H//z) (2.4)



BukopucroByroun wmomens A-mkepen s BuxigHoro 3IIII, BuximgHwit

enektpuyHuid curdan JI3 na ITAX mae Bursiz;
ueux :Zuq :72azzexp J(q_l)ﬂé‘; (25)
g=1 g=1

7€ Ny — 9ACII0  TUCKPETHHX JHKepes BUXIAHOTO meperBopioBada (4 =1, 2, ...,
n);

Y» — KoeQIlIeHT eleKTpoMarHiTHOro mepetBopeHHs [IAX B enexkTpuuHUi
CUTHAJI.

[Ticas BUKOHAHHS omepallii JoJaBaHHS OJIEPKUMO:

Ugux = K Ugx eXp jW:Y1 Y2 Usx Kl K2 eXp j(\vl+ g + [ )1 (26)
ne K, = sin(n2 géj/sin(%éj;
Y, = _(nz _1)%5'
Kommnekcuuii koedinient nepenayi JI3 na [TAX:

K:L;ﬂ:Kexij, 2.7)

68X

Sin(nlgé) sin(n, %5)

ne K=y7,KK, =77, - MOayJib KoedillieHTa mepemadi

. T . T
Sin(—- o Sin(—-o
o) sinC o)
(ammutitygHO-yacToTHA Xapaktepuctuka JI3 na [TAX);
W=y, +y,+y, =—mN+ {;zN —%(n2 — nl)}é - (aza koediienta nepenayi

(pazouactoTHa xapakrepuctuka JI3 Ha I[TAX).
IIpu pe3onanci f=fy, A=Ly =\, (6 = 0) i koMIuIeKCHUI KoedilieHT mepenadi

(2.7) JI3 na [TAX HaOyBa€e BUTIISLY:

A

Ko = 71720N, €X0 jus, (2.8)
Je W, =-—7N.
Tonmi HOpMOBaHWN KOMIUIEKCHUM KOe(IIiEHT Tiepenadl BHU3HAYAETHCS

CIH1BBITHOILICHHSIM:



|f: ~ :Fexpjl//! (29)

ne F ta y - ammiuitynHo-yactoTHa 1 (pazodactoTHa xapakrepuctuku JI3 Ha

[TAX, skl BU3HAYAIOTHCS 32 (popMyIaMu:

F=F.F; (2.10)

F, =isin(nlzé'j/sin(z5); (2.11)
n, 2 2

F, = ésin(n2 gé]lsin(%éj; (2.12)

Ve :V/_‘/’o:l:”N_%(nz_nl)}é‘ (2.13)

BukopucroByroun piBHsHHS (2.10...2.12), nns 3agaHux 3Ha4eHb n, Ta n,
OTPUMAEMO CHIBBIIHOLIEHHS JUIsl BU3HAUYEHHA cMyTrH nporyckanHs JI3 Ha [TAX Ha
piBHi — 31b, TOOTO:

20lg F =-31b. (2.14)

I'padiku  mns  ammnitynHo-yactotHol (2.10)...(2.13) Ta ¢aszouacToTHOI

xapakTepucTuk (2.13) miHIT 3aTpUMKH Ha MMOBEPXHEBUX aKYCTUUHUX XBWISIX TIPH

n,=8, n,=8 mpuBeAECHO Ha puc. 2.2 Ta 2.3.

20Ig F

T

—Aas =0.04"1+As5=0.0a

33
ol

Puc.2.2. AmniityaiHo-4yacrorHa xapakrepucrtuka JI3 na IIAX nmpu n, =n, =8

43

Ay

Puc.2.3.®@a3ouacrorHa xapakrepucruka JI3 na IIAX npu n, =n, =8




2.2. MeToauka po3paxyHKy KOHCTPYKTHBHHMX NapaMeTpiB

JiHii 3AaTPUMKHN HA MOBEPXHEBUX AKYCTHUYHUX XBHJIAX

3 ycix BiZoMuX cnoco0iB 30ymxkeHHs 1 mnpuiiomy IIAX ocHOBHUM 1
HaWpPO3MOBCIOKEHIIINM € CIIOCi0, 3aCHOBAHUM Ha 11’ €30€JICKTPUIHOMY e(DeKTi, a came
Ha BHUKOPHUCTAHHI 3YCTPIYHO-IITHPOBUX TEPETBOPIOBAYIB, y SIKHX BiIOYBa€ThCS
B3a€MHE MEPETBOPEHHS €JIEKTPUYHOTO CUTHANY B aKyCTHUHY XBHIIIO. TOMY OJHI€IO 3
OCHOBHUX  XapaKTePUCTHUK  IT’€30€JECKTPUYHUX  MaTepialiB €  Koe(ilieHT

€JIEKTPOMEXAHIYHOTO 3B 513Ky K72 , [0 BU3HAYAETHCS TEH30PAMH MOJIYJIIB IPYKHOCTI,
] : : 2
II’€30€NEKTPUYHNX 1 mienekTpudHux cramux. s ITAX Bennumna K. 3 BHCOKOIO

MIpOIO0 TOYHOCTI JIOPIBHIOE TTOJBOEHIHN BITHOCHINM PI3HUII MIBUJIKOCTEH Ha BUIBbHIA Ta
MeTali30BaHiil moBepxHi 1’e30enekrpuka (K2 =2AV /V). 3a3Buuaii HaAMararoThCs
BHKOPHUCTATH I1’€30CJIEKTPHYHI KPHCTAIM 3 sKOMora OunbiiuMm K, OJHAK JIs
BY3bKOCMYXHUX TpUCTpoiB Ha [IAX HaATO BUCOKE 3HAYEHHS LBOTO KOEDIIIEHTY

Moke OyTu HeOaxkaHUM, 00 IPU3BOAMUTH IO CHOTBOPEHHS aMIUIITYyJAHO-4acTOTHOI Ta

IMITYJIbCHO1 XapaKTEPUCTUK MPUCTPOIO.

Po6oua wacrora mpuctporo f, BHU3HauaeTbcs (azoBoro mBuAKicTIO V. [lpu
BuOOpi MarepianiB ans mnpuctpoiB Ha I[IAX HEOOXigHO TakoX 3HATH Taki
XapaKTepUCTUKH, SK TemmeparypHuid koegiuieHT uacy 3arpuMku (TK3), kyt
BIJIXHJICHHS MTOTOKY €HEprii BiJl HAMPAMKY PO3IMOBCIOJKEHHS XBHIII (Ol) 1 3aJIEKHICTh
KyTa BIIXWJICHHS TOTOKY €HEepTii BiJl HANPSIMKY PO3IMOBCIOJKEHHS (), IKHl BU3HAYAE
mudpakiiiiHi cnotBopeHHs. [neansHumM € marepian 3 HynboBUM TK3, HynboBUM O 1 Y
nopsiaka —1. 3a yMOB BHWKOHaHHSI OCTaHHBOI YMOBHU 3a0€3MeuyrOThCS MiHIMalbHI
mudpakxiiiHi cnoTBopeHHs. [lapameTpoM I’ €30€IeKTPUYHOTO KPUCTAIlY, 1110 BU3SHAYAE
y3TO/DKEHHS TIEPETBOPIOBaYa i3 30BHINIHIMHU EIEKTPHUYHUMH CXeMaMH, € e(peKTHBHA
JleTIEKTpUYHA MPOHUKIUBICTh €p, 110 BU3HAYAETHCS 13 CITIBBIIHOIIIEHHS C:(8p+l)C0/2,
ne Cp—€MHICTP  €JeKTPOAHOI CTPYKTypHU TIEpeTBOpIOBaYa y BakyyMi. Y

HU3bKOYACTOTHIA 007acTi MOKHAQ BHUKOPHCTOBYBATH II’€30€JIEKTPUK 3 OYyIb-SKOIO



e(eKTUBHOIO JiENIEKTPUYHOI0 MPOHUKIUBICTIO. ONHAK B yIBTPAaBHCOKOYACTOTHOMY
Jlana3oHi  JOIIIBHO BHKOPHCTOBYBATH I1'€30€JIEKTPUYHI KPUCTAIM 3 MaJIUM
3HAYEHHAM €, 00 NpH LbOMY 3pOCTAa€ JOOPOTHICTH Y3rOMKYBAJIBHHMX KII 1
3MEHINYIOThC BTpath Ha neperBopeHHs IIAX. bBinbmicts mpuctpoiB Ha IIAX
BUTOTOBJISIIOTH 3 Ol-KBapIly, HI00aTy JiTiI0, TaHTANATy JITiIO, TepMaHATy BICMYTY Ta
CTPYKTYp Ha OCHOBI I1’€30€JEKTPUYHOI IUTIBKM OKHUCY LMHKY. llepmumii mae xopoiry
TEMIIEPATypHY CTaOUIBHICTh, ajle MOXE BUKOPUCTOBYBATHUCS TUIBKH JI MPUCTPOIB 3
BY3bKOIO IIUPHHOIO0 CMYTH MPOMYCKAHHS Yepe3 Many Benuuuny K’ . Y Hiobary JiTito
OUIbIIIE 3HAYEHHS Kf (0,04 = 0,05) 1 Benukuit pomatHi TK3. Tanrtanar mitiro mae
Kpalry TeMIepaTypHY CTaOlIbHICTh y MOPIBHSHHI 3 HIO0ATOM JIITIIO, ajie KOe(IIi€HT
K? y Hboro B 4 pasu MeHIuii. ['epmManaT BicMyTy Mae Mainy (a3oBy mBuaKicTs [TAX,

onnak TK3 3Ha4HO BHIMI Y TOPIBHSHHI 3 HI00ATOM JIITIFO.

BuxopuctranHs m’€30€IeKTpUYHUX IUTIBOK OKHCY IUMHKY (ZNnO) mo3Bossie
CTBOPIOBATH MIKPOEJIEKTPOHHI IPUCTPOI, Y SIKUX aKyCTOENEKTPOHHI i eJIEeKTPOHHI
CJIEMEHTH PO3TAIlOBYIOTHCSI Ha OJHIA MIAKIAALNI, IO 3HAYHO 3MEHIIyE Macy,
rabaputu 1 BapTicTh BUpoOiB. OnHak, y JaHUN Yac TEXHOJOTIYHI MPOIECH
CTBOPEHHSI CTPYKTYp Ha OCHOBI IUTIBKM OKHCY ITMHKY 3HAXOIATHCS Ha CTajii
OCBOEHHS Yy BHUpOOHUIITBI. Y Tabmuii Ne 2.1 HaBeAeHO OCHOBHI MapaMmeTpu
1’ €30€JICKTPUYHUX MaTepialiiB, Kl HEOOXimaH1 11 po3paxyHKy [TAX mpuctpois.
AHani3 mapaMmeTpiB 3BYKOIIPOBOJIIB TIOKa3ye, o mnpu po3podin JI3 nHa [MAX, sxa
nependayaeTbCsi  NpW  BUKOHAHHI  JWIUIOMHOTO  TIPOEKTY,  JIOULIBHO
BUKOPUCTOBYBaTH Hio0ar miTito YZ-3pi3y, SAKUH Ma€e  BEJIHMKE 3HAYEHHS
KoeilieHTa EJIEKTPOMEXaHIYHOTO 3B’SI3Ky Ta Malui KyT BIAXWUJIEHHS IOTOKY
€Heprii BiJ HAMpsMKY pO3MOBCIO/DKEHHS XBwWii. [[ns 3a0e3medeHHst 3anaHHOT
cmyru npomyckanHsi JI3 Ha ITAX Bukopucraemo y poii neperBoproBadiB [TAX
BXIJTHUHM 1 BUXIIHUNA €KBIAUCTAHTHI 3yCTPIYHO-IITHUPOBI MEPETBOPIOBAYl 3 PI3HUM

YUCJIOM eJeKTpoiB. Pe3ynbrat uuciaeHHuX po3paxyHkiB AUX Takoi JI3,



HaBeZeHl y po3auni 2.1 1 Ha pucyHkax 2.2-2.17, mokas3yroTb, 110 aMILIITYIHO-

yacTtoTHa Xxapaktepuctuka JI3 Ha IIAX 3anexutrb BiJi KOHCTPYKTHBHHX

napaMeTpiB 3yCTPIYHO-IITUPOBUX MEPETBOPIOBAYIB.

Taoanua Ne 2.1

XapaKkTepuCTUKHM MaTepiajiB, 0 BUKOPUCTOBYKOTHCHA B IPUCTPOSIX HA

IMAX
Marepi Opien- Hanpsm TBnaxi Brpatu Temmeparyp Koediient
an Tauis pO3IIOB- CTB npu Ha e/TeKTpOMEXaH -
KpHCTATy | CIOJDKEHHS MAX - f=I1TTw, | HecTablmbHicTs, | yorg spossxy, K2
V., xm/c nb/mke 10°°C ¢
Hio6 Y Z 3.488 1.6 85 0.045
aT JITiIo Y+41. X 4 96 0.0554
5° X 3.79 77 0.0052
Z Z 3.48 93 0.0504
X
[T’e3 ST X 3.156 4 3 0.0017
0-KBapIl Y X 3.17 24 0.002
Y-20° X 3.2 32 0.0024
Y 3.2 35 0.0019
I'epm 001 110 1.68 2.5 115 0.0144
aHaT 110 001 1.62 140 0.0074
BICMYTY
Tanr Z Y 3.31 - 67 0.0093
anaT X Z 3.22 36 0.0069
JITIIO Y Z 3.22 37 0.0074

Buxoasuu 3 BuUllle BUKIAJIEHOTO, PO3PAXyHOK KOHCTPYKTHBHHUX IapaMeTpiB

JI3 na [TAX na miakmamami i3 Hiooar mitito LINDO; YZ-3pizy (Puc.2.1) BukOHaEMO

BUKOpUCTOBYIOUH hopmyn (2.1-2.14):




1.Bubupaemo koHcTpykmii BxigHoro Ta BuxigHoro 3IIII: exBigmcranTHi
3IIIT 3 ogHAKOBHM YHCIOM E€IEKTPOIIBN, =n, =n, Marepiall 3BYKONPOBOAY —
Hio0ar mitito LiNbO3 YZ-3pizy .

2. 3HaxXO0UMO YHCIIO €JIEKTPOIIB N 3YCTPIUYHO-IUTUPOBOTO MEPETBOPIOBAYA,
po3B’s3ytoun piBHAHHA (2.14) mns cmyru npomyckanns 4,0 MI'm, Tto6TO

20 IgF =30 0B, me F=Sin(nz5/2)/(nz5/2) (puc.2.2). [dus Af =40 MIn

3HAXOIUMO n=38.

3. Ilepiox 3ycTpiYHO-IITHPOBOIO MEPETBOPIOBAYA A, 1 PE30HAHCHA JJOBXKHMHA

IMTAX A utst 3a1aHOT IEHTpaIbHOT YacToTH fy BU3HaYaeThest GopMyIIoro:

v 3488 wmlc &
lpzﬂoz—=—6=69,8-10 M =698 mrm.
f, 50-10° Iy

4 lupuHa enekTpoAiB d, 1 MHUpHUHA 3a30py d, MK €JIEKTPOAAMMU:

A
= dS = —p = —69,8 = 17,45 MKM .
4 4

5. JIoBXHHA BX1IHOTO 3yCTPIYHO-IITUPOBOTO MEPETBOPIOBAYA:

A Ay A, 69,8 69,8
'“_'1+Z_(n1 1) T_(8 1)—= > T_261,75M;<M.

l\.)|.c

6. JloBXHHA BUX1THOTO 3yCTPIYHO-IITUPOBOIO MEPETBOPIOBAYA!

A A
L =1, +£=(n2 1)L+ =(8- 1)698 @_261,75 MKM.
4 2 4 2 4

7. Bigctanb MiX IIEHTpaMH TIEpEeTBOpIOBaviBL, sika 3abe3reuye HEOOXIiAHY
3aTPUMKY BHCOKOUYACTOTHOTO CHTHAIY:

L=V -7r=3488-18-10"° =6278,4 mxm.

8. 3HaxoAuMO BiACTaHb L, 3rigHO puc.2.1:

L,=L— ('1%'2) —6278,4— (244’3; 2443) _ 6034 wucnt = 6,034 aun,
Ay 69,8 _
nel, =(n — )? (8-1)—= =244,3 mxm;
A
l, =(n, -1)—> 2" 8-1)—= 98 _ 2443 surcn.

9. JloBX1HA MIAKIAJAKH 3BYKOIIPOBOIY:



A
L, =L+l +1, + T‘) +2(1, +1,,)=6034 + 244,3 + 244,3+17,45 + 2(4000 + 2730) = 20000 ssrcae= 20,00 mum

ne |, =4000 mxm- Bigctanb Big LTI go mormmmawa [MTAX; 1, =2730 mxm-
noBknHa norinnHa4da [TAX.
10. AnepTypa 3yCTpidHO-IITUPOBHUX NIEPETBOPIOBAYIB BUOMPAETHCS Y MEKAX
W =(20...150)4, .
Bubepemo W =50- A, =50-69,8=3490 mxm~35mum

11. upuHa mMUHU 3yCTPIYHO-IITHPOBUX MEPETBOPIOBAYIB BUOUPAETHCA Yy
Mexax

d, = MT_S =(10..50)4, .

Bubepemo d , = 20-4, =20-69,8=1396 mrxm~14 mm

12. 3a30p MK MIMHAMHU TNEPETBOPIOBAYIB Ta €JIEKTPOJAAMH BUOHMPAETHCA Yy
Mexax

d =% =(3..5)4, .

y
BuGepemo d, =3- 2, =3-69,8~200 wxw=02 an.
13. [llupuHa miakiIaaKu:
L, =W+2-d, +2-d, +2d, =3500+ 2-200+2-1400+2-1650 = 10000 sy =10,0 rn,
ne d =1650 mxm- Bigctanb Bif muHU 31T 1o kparo migkmagky.

Taxkum ymHoM Ut BurotosieHHA 1iel JI3 Ha [TAX HeoOXximgHa miakiIagka 13
Hiobar mitiro LiINbO; YZ-3pizy 3 pos3mipamu: noBxkuHA — 20 MM; MIUpUHA —
10 mm; ToBImHA 1,0 MM.

Pe3ynbTaT po3paxyHKIB KOHCTpYKTHBHUX mapamerpiB JI3 na ITIAX 3a

BHUIIIEBKA3aHOI0 METOIMKOIO noaHd1 B Ta0muin Ne 2.2.



Po3paxynkoBi mapamerpu JI3 na I[TAX

Taoaunma Ne 2.2.

Ng HaiimenyBaHHS mapaMeTpiB [TozHaueHHs, 3HavYCHHS
/T1 OJIMHUIIS BUMIpPY rapameTpy
1 Martepiain 3ByKOIIPOBOLY Hiobar mnitiro 10x20x1
LiNbOs,,
njaactuHa -YZ-
3pi3, MM
2 ®da3oBa mBuakicts [TAX V, M/c 3488
3 LlenTpanpHa yacToTa fo, MI'x 50
4 3aTpUMKa CUTHAIy 7, . e 1,8
) Cmyra MPOIyCKaHHS JHIT
3aTpUMKH Ha piBHI — 31b Af , MI'n 4,0
6 [Tepiox 3LLIT Ay =g > MKM 69,8
7 Uucino enekTpodiB BXIJHOTO Ta n,=n; 8
BUXIJHOT'O NIEPETBOPIOBAYIB
8 JloBXKHMHA BXIIHOTO Ta BHXIIHOTO o =l , MKM 261,75
NepPEeTBOPIOBAYIB
9 Biacrann MK LEHTpaMu L, MM 6278,4
NEepPEeTBOPIOBAYIB
1 Jorxxuna nornuHava [TAX l,, MM 2,73
0
1 Bigctanp MK [OOIVIMHAYOM Ta l,, MM 4,0
1 | 3ycTpiuyHO-IUITUPOBUM
NepPEeTBOPIOBAYEM
1 JloBxxuHa IT1JIKJTa IKK L,, MM 20
2 | 3ByKONPOBONY
1 Aneprypa  3YCTpPIYHO-IITHPOBUX W, mm 3,5
3 | mepeTBOpIOBaYiB




1 [MIupuna mmau 31ITT d,, MM 1,4
4

1 3a30p MK IIMHAMH 1 €JIeKTPOaMU d,, MM 0,2
5 | 3ILII

2.3. MeToauka po3paxyHKy aKyCTOeJIeKTPUYHUX MapaMeTpiB

3yCTPIYHO-IITHPOBUX MEPETBOPIOBAYIB

XapaKkTepuCTUKH 3YCTPIUHO-IITUPOBUX MEPETBOPIOBAYIB CUIBLHO BILUIMBAIOTH
Ha napameTtpu [TAX-nipuctpoiB, B 0COOTUBOCTI HA HMIMPUHY CMYTH MPOMYCKAHHS,

BHOCHMI BTPATH Ta pPIBEHb NApPa3UTHOTO CUTHAITY.

—oy |- —
Ra R I:

« @Y it

Ra

| —

Puc. 2.4. ITocainoBHa exBiBajienTHa cxema 3IIIII (a) Ta cxema
KOMIIEHCalil PeaKTUBHOIO ONOpY nepeTrBoproBaya (0).

Jlnst 3menmennst BHocuMux BTpaT B [TAX-mpuctposix 3T miakmrogaroTbes
JI0 Y3TOJDKYIOUMX €JIEMEHTIB. B 1IbOMy BHITaJKy BEIMYMHA BTpaT Ta IIMPHUHA
CMYT¥ TPOMYCKaHHS TOB’Si3aHI MK COOOI0 1 ISl 3aJeKHICTh BU3HAYAETHCS
Koe(dilieHTOM eneKTpoMexaHiuHoro 3B’s3ky. Ha Puc.2.4 300paxena mocinigoBHA
exBiBajieHTHa cxema 3LIIT (a) Ta cxema KoMmmeHcallii pPEaKTUBHOTO OMNOPY

nepeTBoproBaya (0).




[TocmimoBHa enektpuyHa cxema 3IIIII Mictuth mnochioBHE 3’ €AHAHHS

CTaTUYHOI €MHOCTI c,, AKTUBHOI Ta PEAaKTUBHOI CKJIAJ0BUX ONOPY

BuUIpoMiHIOBaHHA R, (f) i X, (f), siki BU3HAUArOThCS CriBBiAHOMEHHAMH [1...5]:

mst n,=n,=n=8 : C,=(n-1CW =(8-1)-4,6-10"°-35-10° =11,3-10 “® ~113

nad;

ne C,-—mnoroHHa eMHicTh mapu enektpoiiB LI (ans wHiobaT mitito LiNbOj3
YZ-3pisy C,=4,6-10"d/nu); W -ameprypa 3ILIII; R,(f,)—akTuBHA CKJIa10Ba
OIMOPY BUIPOMIHIOBAHHS IIPU PE30HAHCI, IKa BUBHAYAETHCA (DOPMYJIOLO:

UL N, =N, =n=8.

1 1
8K2f,(n —1PCcw  8-0,045-50-10°(8—1)?-4,6-107°-35.10°°

Ra(fo) ~ 704 Owm ,

ne K?- xoedillieHT eleKTpoMexaHiqYHoro 3B 13Ky (HioOaT miTito LiNbO; YZ-
3pizy K? =0,045).

Ha puc. 2.5 Ta 2.6 300paxeHi 3aJIe>KHOCT1 aKTUBHOI Ta pEaKTUBHOT CKJIaJIOBUX
OIMOPY BUIPOMIHIOBAHHS 3yCTPIYHO-IITUPOBOIO MEPETBOPIOBAYA BiJ] YaCTOTH.

JIist y3ropKeHHsST TIEpETBOPIOBAYIB 13 30BHINIHIMU JIAHITIOTAMU TTOCIIIOBHO 3
3HIIT BkItOYAETHCS IHAYKTUBHICTH L JUIsi KOMIIGHCAIlll CTaTUYHOI €MHOCTI
NepeTBOpIOBaya 1 sika BU3HAYAETHCS (POPMYIIOLO:

-aad N, =n, =n=8.

1 1
L: =
4z*f2CW(n -1) 4-3142-(50-10°)%-4,6-107°.35.10°(8-1)

=0,9-10°u=09 mxln



[Tpu uboMy IHIYKTUBHICTH L pa3oM i3 CTaTUYHOIO €MHICTIO IIEPETBOPIOBAYA
C; CTBOpPIOIOTH MOCIIJOBHUM KOJUBAJIbHUM KOHTYp, €JIEKTpUYHA JOOPOTHICTH

SIKOTO 3aJIEXKUTH BiJl YMCIIA Map €JIEKTPOJIIB IepeTBoproBaya (n—1) Ta Koedimnienra
eIIEKTPOMEXaHIYHOTO 3B’ SI3KY K 2

T 314

-t N, =N, =n=8: = = —
AR =T O 4K2(n -1) 4-0,045-(8-1)

AKycTHYHa JTOOpPOTHICTH MEpPEeTBOpIOBada Q, 3aJE€KUTh JUIIE B 3aTPUMKHU

CUTHAIly B NEPETBOPIOBAdi i Bij uwWcia map eneKTpoiiB mepersoproBada (n-—1),

T0OTO: JUIst N, =N, =n=8: Qa=Af—;=(n —1):7.

R.(f)

R, (f,)

-0

Puc. 2.5.3a/1e:kHOCTI aKTHBHOI CKJIAJ10BOI OIIOPY BUIIPOMIiHIOBAHHS

3yCTPiYHO-IITHPOBOI0 MEPETBOPIOBAYA Bil YACTOTH



Puc. 2.6. 3a1e:KHOCTI peaKTUBHOI CKJIAJ0BOI ONIOPY BUNPOMIHIOBAHHS

3yCTPiYHO-IITHPOBOI0 MEPETBOPIOBAYA Bil 4ACTOTH

OnTtuMasnbHe Y3TroJKEHHS TIEpeTBOpIOBavYa B poOOUiid CMy31 YaCTOT € OJHUM
13 TOJOBHHMX YMOB, 5Kl 3a0e3MeuyioTh €(pEeKTHUBHY pOOOTY NEPETBOPIOBAYIB Ta
HU3BKUU piBEHBb BIAOUTTS B TpakTi. OJIHAK JPYror0, HE MEHII BaXKJIMBOIO YMOBOIO
€ eJEKTPUYHE Y3TOJDKCHHS 13 30BHINIHIMHU JIAHIFOTaMH, TOOTO 3a0e3rnedcHHs
PIBHOCTI BXIJIHOTO (BHUXIJHOTO) OIOPY Ta OIOPY JpKepela curHairy (abo omopy
HaBaHTaXeHHA). [IpuiiMarouu omip 30BHINIHIX JAHIIOTIB TOCTIMHUM Yy CMYy31
YacTOT, MiJl €JIEKTPUYHUM Y3TOKEHHSM PO3yMiIOTh BUKOHAHHSI CITIBBITHOIIECHHS

R.(f,)=R,,,,, 1€ R, - OIMip 30BHINIHBOIO JAHIIIOTA.

Jnst  3a0e3nedyeHHs  Y3TO/DKEHHS ONOPY  HAaBaHTAXEHHS Ta  OMOPY

BUIIPOMIHIOBaHHS TIEPETBOPIOBaYa HEOOX1IHO BUKOHAHHS YMOBHU:
R306H. / Ra(fO): Qe(N)/Qa(N)’
ne Q,(N) i Q,(N)-enexTpryHa Ta aKyCTHYHA JOOPOTHOCTI IEPETBOPIOBAYA MIPH

BUOpaHOMY 3HaueHHI N =n-1:

Q.(N)

p— 72- p—
AK’N 4K

c

ooy QMN)=N=0-1).

2
. R
3BIAKA p=—2 = Q.
R, Q

a a



Tomi mnust n,=n,=n=8: ngzi—’gzo,%

. 7
Cryninb Y3TOJKEHHS MIEPETBOPIOBAYA p BH3HAYae CHepreTUYH1
CIIBBIHOIIIEHHS B JiHIT 3aTpuMKu. [Ipu naninai [IAX Ha nmepeTBoproBay yacTHHA
CHeprii BiIOMBAETHCS BiJl HHOTO, YACTHHA ITEPETBOPIOETHCS B CIICKTPUYHUN CUTHAI
1 BUAUISETHCA B HaBaHTAKECHHI, a YacCTHUHA MPOXOJUTH Jajil MO 3BYKOIPOBO/II 1
MOTJIMHAETHCS B MTOTJIMHAIOYI IOBEPXHEBUX aKyCTHUYHHUX XBHUIIb.
Koediuientn Bigourrs I[IAX B,, , IPOXOMXKECHHS B,, U NOIIMHAHHA B,

BHU3HAYAIOTHCA HACTYITHUMU CHiBBiI[HOHICHHHMI/I .
1

1
-amsn, =n,=n=8: B, =-10lg——=-10 lg———— =27 05,
1 2 11 g(1—|—p)2 g (1+0136)2
2 2

B, =—10lg-— 2 =10 Ig— 2% __ 115 95
@+p) (1+0,36)

B, =-10lg—22 _— 10 19223 _ 64 05.
(1+p) (1+0,36)

BiaOuTTa akyCTUYHOI XBWJII COPHUYMHSAE A0 MOSIBU NMOMWJIKOBOIO CHUTHAIY,
PIBEHb SIKOT0 BU3HAYAETHCSA HACTYITHUM PIBHSHHSM:

B = BS +Bi* =2,7+2,7=54 0F,

ae B Ta B - Koe)piuieHTH BIAOUTTA BiJ BXIAHOIO Ta BUXIAHOTO
NEepPETBOPIOBAYIB.

TakuM YMHOM, BHU3HAYMBIIW CTYIIHb y3TOMKEHHS NMEPETBOPIOBAYIB, MOXKHA
po3paxyBatu BHocuMi BTpatu [IAX-mpuctporo. Ilpu w1poMy HEOOXigHO
BPaxOBYBAaTH TaKOX TEIJIOBI BTpaTH Ha OMIYHMX onopax enektponis 3IIII,
3aTyXaHHS aKyCTUYHOTO CHUTHAJIy B TPOIECI PO3MOBCIODKCHHS, AUQpPaKIliiHe
PO3MIMPEHHS aKyCTHYHOTO TIPOMEHIO, MOXJIUBICTh TeHeparii 00’ €eMHHX
aKyCTUYHUX XBWJIb. 3arajbHi BHOCHUMI BTPAaTH MOKHA OLIIHUTH HACTYITHUM YHHOM:
B=B+B! =6,4+6,4=12,8 05 .

Pe3ynbpTaTn po3paxyHkiB npuBeaeHo B Tabmuil Ne 2.3.

Tabauua Ne2.3
AKYCTOCJIeKTPUYHI MapamMeTpH JiHil 3aTpuMKu Ha ITAX

Ni HaitmeHnoBanHs napamerpa 3HaueHUe napameTpa

Bxigauii ’ Buxiguuit 31IT1




3IHIT
1 Yucio enekTpoais N 8 8
2 Cratnuna emuicts C; , nd 11,3 11,3
3 AKTHBHA CKJIaJI0Ba onopy 704 704
BUIPOMIHIOBAHHSI Ha IIEHTPAJIbHIN Y4acTOTI ,
Ra, Om
4 VY3romkyroda iHIyKTUBHICTE L, MK['H 0,9 0,9
5 Enextpuuna moOpoTHicTh Q, 2,5 2,5
6 AxkycTtraHa 100pOTHICTH Q4 7 7
7 CTymiHb y3ro/KeHHS O 0,36 0,36
8 Omip 30BHINIHBOTO JaHITIOTa R,y OM 253 253
9 Koedirient Binoutts Bqy, 1b 2,7 2,7
1 Koedirient nmpoxomkeHus By, 1b 11,5 11,5
0
1 Koedirient mornuuanns Bs; , 1b 6,4 6,4
1
1 PiBenb moMunakoBoro curuany Bpc ,ab 55
2
1 3arajpHi BTpaTH HA IEHTPAJIbHIN YacTOTi 12,8
3 B, nb
BUCHOBKH

1. HocnimxeHa maTeMaTHYHa MOJIETh JIHIT 3aTPUMKH Ha TOBEPXHEBUX
AKyCTUYHUX XBHJISIX HAa OCHOBI (h13MYHOI MOJEINI JUCKPETHUX JKEPENl CUTHAIIB,
gKa  JO3BOJIMJIa  pO3paxyBaTh  aMIUNTYJHO-4acTOTHY Ta  (ha304acTOTHY
xapakrepuctuku JI3 Ha [TAX. B pe3ynbTaTi TEOpETUYHHUX JTOCIHIIKEHb MOKa3aHa
3aJIEKHICTh aMIUTITYTHO-4aCTOTHUX Ta (p)a304aCTOTHUX XapaKTEPUCTHUK BiJl YHCIIA,
KOHCTPYKIi Ta B3aEMHOTO TIOJIOKEHHSI €JIEKTPOIIB  3YCTPIYHO-IITHPOBHUX
NEepPEeTBOPIOBAYIB.

2. Ha ocCHOBI METOIMKM IHXKEHEPHOTO PO3PAaXyHKYy BH3HAUYE€HO
KOHCTPYKTHBHI Ta aKyCTOEJIEKTPUYHI IMapaMeTpH JIiHIi 3aTPUMKH Ha TTOBEPXHEBHX

akyctuaHUX XBWIsAX (Tabmuri NeNe 2.2 Ta 2.3) 3 HACTYITHUMH TTapaMeTpaMHu: dac



3aTpuMKu - 1,8 Mkc; nenTpanbHa yactota — 50,0 MI'm; cmyra mpomyckanHs Ha

piBHi — 3,0 1b - 4,0 MI'i; npuBHECEH1 BTpaTH Ha IIEHTpajbHIM yactoti 12,8 1b.



3. TEXHOJIOI'TYHI OCOBJIMBOCTI BUT'OTOBJIEHHSA
MPUCTPOIB HA IOBEPXHEBUX AKYCTUYHHUX XBUJISX

TexHonoriunuii mpouec BHUTOTOBICHHS mpuctpoiB Ha I[IAX MoxHa
OpEICTaBUTH Yy BUIIIAAI TPbOX €TamiB: BUTOTOBJICHHA  MIAKIAAKH 3
1’ €30€JIEKTPUKa, (POPMYBAHHS €JIEKTPOAHUX CTPYKTYp Ha Il OBEPXHI, CKIAJaHHs
Ta JOCIHIJDKEHHs TapaMmeTpiB mnpuctporo [1, 4, 8, 16, 18, 19]. BurotomieHHs
MIJKJIAJKKA BKJIFOYA€ HACTYITHI OCHOBHI OIlepallii: Opi€HTallisl KpucTaja, pizaHHs,
nutihyBaHHS, TOJIpyBaHHS 1 BigMuBaHHSA. [[1g1 ¢dopMyBaHHS €JIEKTPOJIHHUX
CTPYKTYpP BUKOHYIOThCSI orepallii BIIMHUBAaHHs, HAHECEHHSI TOHKO1 IIJIIBKK METamy 1
dotomitorpadii. CxnamaHHs BKIOYAE€ HAHECEHHS AaKyCTUYHOrO IOTJIMHAYa,
NPUKJICHKY TUTACTHHM 10 KOPIYCY, MOHT&X CJIEKTPUYHUX BHUBOMIB 1
repMeTu3aiiio. Yci TPUBEICHI BHUILE TEXHOJOTIYHI Olepalii BUTOTOBJICHHS
npucTpoiB Ha [TAX BUKOPHUCTOBYIOTHCA B TEXHOJIOT1i BUTOTOBJICHHS 1HTETPATbHUX
MikpocxeM. OpHak, 3aCTOCYBaHHS IT'€30€JIEKTPUYHUX MOHOKPHCTAJIB, a TaKOXK
cnenudika npuctpoiB Ha [IAX nmocTaBuiu psii BUMOT 10 BIJOMUX TEXHOJIOTTYHUX
npoueciB. Tak, npuctpoi Ha I[IAX BuMaraloTh OUIBII TOYHOI Opi€HTAIl]
MJIKJIaIKH, BUCOKOT 3/TaTHOCTI, IIPU BUTOTOBJICHH] €JICMEHTIB Ha BEJIMKUX ILIOIIAX.
Jns  Haibimbm ocBoeHoro mianmazoHy dYactoT Bix 10 go 400 MI'Tl mmpuna
CICKTPOAIB KOJUBAEThCA Bix 1,5 mo 50 MKM IS OAWHOYHHMX INTHPIB, 1 BIJ
1 10 25 MKM sl pO3MICTUICHUX, a 3arajbHa KUIBKICTh iX 3MIHIOETBCS Bij
10...100 mo 400...600. ITlpu 1mpoMy AOBXKMHA INTUPS TOBHHHA OyTH HE MEHII
(40...200) A, TOOTO BiTHOILICHHS JTOBXUHH JI0 IIUPHHA MOKke HaOmxkaTucs 10 200.
[leit dakT BHUKIMKAae 3HAYHI CKJIAJHOCTI B TexHOJorii BurotoBieHHs I[IAX-
CTPYKTYp, TOMY 1[0 TIPU BEIUKIN JTIOBXKHUHI 1 MaJIiil MIUPUHI IITUPIB 301IBITYETHCS
IMOBIPHICTh PO3PHUBIB 1 BIIXO1y JIIHIHHUX PO3MIpIB Bij 3aJJaHUX HAa KOKHOMY €Tarli
aitorpadgigHoro mporecy. PazoM 3 TUM ICHYIOTh 3Ha4H1 CIIPOILEHHS B TEXHOJOTI]
BUTOTOBJICHHA  JESKUX  PIZHOBUJHOCTEM  aKyCTOEJIEKTPOHHMX BHUPOOIB Yy
MOPIBHSHHI 3 TEXHOJIOTIEID BUTOTOBJIEHHS IHTETPAJIBHUX CXEM, HAMPUKIA],
tonoJiorist mpuctpoiB Ha I[TAX onmHomapoBa i TOMY BHUKIIIOYAIOTHCS CKIIAHI
MPOIIECH CTIOTYYESHHS IIapiB, BIACYTHI mpoiiecu qudys3ii 1 T.1.

3.1. BuroroBjieHHs1 3BYKOIIPOBOIY



Jna mpuctpoiB Ha I[IAX 3acTOCOBYIOTHCS M'€30€TMEKTPUYHI MIAKIAIKA Yy
dopmi mapanenemnena. OcHoBauM mapametpoM JI3 Ha [IAX € mBHIKICTH
PO3IMOBCIO/IPKEHHS XBWJII, BOHA 3QJICKUTh Yy TMEPIIy Yepry BiJ XapaKTEPUCTHUK
MaTepianxy 3BYKOIPOBOIY I €30€JICKTPHUKA, y SKOMY BigOyBaeThcs 30yIKEHHS,
nommpenHs 1 nerekryBanHs [TAX. Tomy ocoGnuBe miciie y BUTOTOBJIeHHI JI3
3aiiMa€e BUTOTOBJICHHS i 00poOKa MiIKIIaIKH.

[T'e30enexTpuuni MoHOKpucTanu [17] BupolrytoTs MeTogoM HYoXpaabChKOro
y BUIVSIAI IWIHAPUYHUX Oyinb, miameTp skux moxe gocsratd 50...70 MM, a
nowkuHa 100..200 mm.  [T'e30emekTpuyHUil  MOHOKpPHCTad HIOO0ATy  JITiIO
BUPOINYIOTh B aBTOKJIABaX BHUCOKOTO THUCKY TiIpOTEPMAIbHUM CIIOCOOOM.
Kpucranorpagiyni HanpsMkyd B OyJisIX BHU3HAYAIOTHCS OPIEHTALIEI0 3aTPaBOK, 3
SAKUX BHUPOIIYIOTh KpHUCTad. [lepiioro crTaji€0 BUTOTOBJICHHS MIAKIAAKH €
opieHTalliss OyJiB PEHTTCHIBCBKUMHU METOAaMHU 1 PO3MWJISHHS Ha 3aroTiBKU Ha
BepcTaTax 3 aJMa3HUMHU Juckamu. [licns po3NMUISHHSA TUIACTUH Haa HUMHA
MPOBOAATH mepie NuTihyBaHHS JJII CTBOPEHHS 0a30BOi MOBEPXHI HEOOX1THOT
opienTaii 3 TouyHicTio +10', 1m0 NpUWHATHO NI OLIBIIOCTI MpUCTPoiB Ha [TAX,
MOTIM OOPOOJISETHCSA KOHTYP 1 3BOPOTHA CTOPOHA M1 JIKJIAIKH.

3yctpiuHo-TupboBi neperBoproBaui (3ILIT), kpim ITAX, 30ymxkyroTs i
00'€éMHI aKyCTMYHI XBWJI, SIKl BIJOMBAIOUMCH BiJ HI)KHBOI 1 BEPXHBOI MOBEPXHI
niaKIaaku pocararoTts BuxigHoro 31T, BHOCSsYM npu 11bOMY cOTBOpeHHS. [[mst
OPUAYIICHHS [IUX XBUJIb 3BOPOTHY CTOPOHY MiAKJIAJKH HEOOX1THO OOpOOUTH Tak,
o6 o0'eMHI XBWJII HE BIIOMBAIIMCS, a po3cCioBaimucs B Hik. J[ng mporo Ha Hel
HAHOCATHCSA aIMa3HUM JTUCKOM HACIYKH IMiJI KyTOM JI0 HANpsSMKY TOITHPEHHS
[TAX. Kpok npubnuzno ckianae 5...15 noxun xBwib [IAX, rmubuna J0OpiBHIOE
nosioBuH1 Kpoky. Ha Bucokux wactorax (monax 100 MI'm) mnst edeKTUBHOrO
pO3CIIOBaHHSA 00'€MHUX XBWJb JOCHTh MPOHUTIPYBATH 3BOPOTHIO CTOPOHY
M1IKIAIKA TPyOuM LT (hyBaTbHUM IMTOPOIITKOM.

[lepen monipyBaHHSM IJIACTUHU NIJAAIOTH HUTIQYBaHHIO nopomkoM M-20,

npu oMy 3HiMaeThes map 0,25 mwm, mopomkom M-10 - 3HimMaeTbest map 0,15 M,



1 me pa3 nopomkoM M-10 - 3nimaerbea map 0,1 mm. [lomipyBanHs mtacTuH
3MIACHIOETHCS Ha IIOCKO-IUTipyBadpbHUX BepcraTax. [ms momipyBaHHs HioOaTy
JITII0O BUKOPUCTOBYETHCS CYCII€H31 Ha OCHOBI CUHTETHUYHUX aJIMa3HUX MOPOIIKIB
ACM 3/2 1 ACM 1/0, sixoro 3HIMaeTbes map TOBIIMHOK 5...10 mxm. IIBuakicTs
obepraHHs nuTiQyBaJbHUKA 1 TUCK HA TUTACTUHU IM1IOUPAIOTh EKCIIEPUMEHTAIbHIM
IIJISIXOM 1 3BHYalHO BOHHU CKJIamaroTh BiamosigHo 50...20000/ xB, 0,5...2,0 H/cm?.
[Ipomec momipyBaHHS TUIACTHH HEOOX1THO MPOBOJUTH B OKPEMHX TEXHOJOTIUHUX
MPUMIILICHHSX, 1110 MalOTh HU3BKY 3amuieHICcTh. [lomipyBanbH1 cycrieH31i MOBUHHI
OyTH peTeabHO MPHUTOTOBIIEHI 1 HE MICTUTH YacTOK, PO3MIp SKUX IEPEBUIIYE
PO3Mip YaCTOK MOJipyro4oi pedoBUHU. [licas monipyBaHHS IJIACTUHU HE MOBUHHI
MaTH TOAPSMNHUH 1 MOBEpXHsS MOBHMHHA Bianosimatu Bumoram JICH 11141- 76,
KJIacy YucToTu - P1.

Onucanuid METOJT BUTOTOBJICHHS MIAKIAJAKKA JO3BOJSE BUTOTOBIATU
npuctpoi Ha [TAX nHa gacrorax ax 0 400...500 Mru. Jlyist 611b11 BACOKUX 4acTOT
HEOOX1THO JOJATKOBO OOpOOJISITU TMOBEPXHIO XIMIKO-MEXaHIYHUMHU METOJaMu
MOJIIPYBaHHS.

3ycTpiuHo-THPOBl cTpykTypu JI3 Ha ITAB BHUrOTOBISIOTBCA 3 TOHKOI
IUTIBKA ~ allIOMIHIFO, HAHECEHOI Ha  TOBEPXHIO  IMJAKIAAKA  METOJIOM
TEPMOBAaKyYyMHOTO HamWIOBaHHS. BuOip aloMmiHIIO SK MaTepialy eJeKTPOiB
0OyMOBJIEHUI HACTYITHUM:
® HU3BKUM MUTOMUM OTIOPOM;
® HEBEJMKOIO MUTOMOIO MaCOI0 B MOPIBHAHHI 3 IHIIMMHU METaJIaMH;
® OCBOEHOIO TEXHOJIOTIEI0 HAHECEHHS TUTIBKH;
® MaJoI0 BapTICTIO AJTIOMIHIIO 1 TEXHOJOTTYHICTIO MTPOLIECY HOro HaHECEHHS;
® CTIMKICTIO aTIOMIHIIO /10 BIUIUBY HABKOJUIITHBOTO CEPEIOBUIIIA;

Tomy 1m0 amrOMiHIM € BIJHOCHO JIETKOIIABKMM METAJIOM, TO s
HAITMJIIOBAHHS TUTIBKM BHUKOPUCTOBYIOTH METOJI TEPMIYHOTO BHITAPY Y BaKyyMi.
Haiinipocriiie 11e 311iCHIOETHCS 3 BUKOPUCTAHHSAM MPSIMOKAHAIBHUX PE3UCTUBHUX

BUITAPHUKIB, BUKOHAHUX 3 TYTOTUIABKUX METATIB (BOJIb(pam).



[Ipu TepmiuHOMY BHMapi ajare3is MIIBKU aTIOMIHIIO 10 MOBEPXHI MiIKIAIKU
HU3bka. ToMy B SIKOCTI aAre3iHOrO MiAmIapy BUKOPUCTOBYETHCS BaHaAdiil. Bubip
BaHa/I110 O0yMOBJICHUN 3aJ0BIILHUMH aATre31MHUMHU BJIACTUBOCTSMH, BITHOCHOIO
JETKICTIO BUMApy 1 MOXJIMBICTIO OJHOYACHOTO YH PO3UIBHOTO TpPAaBIEHHS 3
amoMidieM. [Ipy HamwIrOBaHHI BaHAJII0 MOTPIOEH BUCOKUH BaKyyMm 1 BIJTHOCHO
BEJIMKAa IIBUIKICTh HAMWIIOBAaHHS, TOMY IO 3aBASKH XIMIYHIM aKTUBHOCTI MpHU
MIIBUMIEHUX TapIliaTbHUX THCKaX KUCHIO M a30Ty BiIOYyBa€ThCS 1HTCHCUBHE
YTBOPEHHSI OKHUCIIB 1 HITpuAIB. ONTUMaIbHI pe3yJbTaTH [OCSTAIOThCA MpU
IIBUJIKOCTI HAIIMJIIOBAaHHSA HE MEHIOi 3 MM/C 1 pobouoMy BakyyMi He ripmie 1-10°
*Top 3 0GOB'SI3KOBHM 3aCTOCYBAHHSM TACTOK, OXOJIOKYBAHHX PIIKHM a30TOM, i
HATIKAHHSIM TOBITPS B cucTeMy He Oimbmr 3-10° . Top/c. 3HMKEHHS IIBHIKOCTI
HAIllWJIIOBAHHS, 30UIBIIEHHS THCKY 1 MIBHJAKOCTI HATIKaHS TMOBITPS PI3KO
MO3HAYAEThC HA (PI3UMYHMX 1 XIMIYHUX BIJIACTUBOCTAX IUTIBOK BaHAJIIO:
MIJBUILIEHHS TMHUTOMOTO OINOpY, TOTIPIICHHS BiJITBOPIOBAHOCTI, YTPYJIHEHHI
TpaBiieHHS 1 T.A. J{ns 3a0e3neueHHs 3aJ0BLIBHOI aire3ii IMUIBKU AJIIOMIHIIO
TOBIIMHA TIAIIApy BaHaii0 MoBuHHA OyTH 5...50 HM. OnTUManbHa TeMIiiepaTypa
HiIKIagKd T[pM  HaNWIoBaHHI  amoMidiro ckiaagae 120410 °C, mBuakicts
ocamkenns 10 um/c. ToBuHa miiBku Al konmuBaetscst B Mexkax 0,08...0,5 MM, y
3aJIEKHOCTI Bl poO040i yacToTH npuctporo Ha [TAX.

Jist omepkaHHS TapHOi ajires3ii 1 BIATBOPIOBAHOCTI €JNEKTPODI3ZNIHUX
BJIACTUBOCTEH HAHECEHUX METAJIEBUX IUIIBOK TMOBEPXHS 3BYKOPOBOJY MOBHHHA
Oytu nobpe ouwmieHa. [Ipouenypy OUHMILIEHHS MOXKHAa PO3JIUIUTH Ha eTaru
MOTIEPEeTHHOTO W OCTATOYHOTO ouMileHHA. [Iporec ouwineHHs HIO0ATy JIITIIO
MO’KHa TIPOBOJIMTH 32 HACTYITHOIO CXEMOIO :

e s3HexupenHs B tpuxiopetwieHi  (C,HCI3), mBHIKICTE  3HEKUPEHHS
30UTBITY€ThCS TTpU TemmiepaTypi kumiHHs (10 XB);

® [IPOMMBAHHS B alleTOH1 a00 B eTunoBoMy crupTi (10 xB);

® BIJIMMBAHHS B KHUCIOTHOMY a00 B JIy’)KHOMY PO34MHI (MOKHAa BUKOPUCTOBYBATH
PO3YMH IBOXPOMOBOKHCIIOTO Kajito, YM MEPEKUCY BOTHIO 3 JOJaBaHHAM JIYTY),

MIKJIAKA BApTO BUTPUMYBATH B KUTUJITYOMY pO3UHrHi 15 XB;



® BIIMHBAaHHS B MPOTOYHIA JEIOHM30BAaHIM BOMI 3 MEXAHIYHOI OOPOOKOIO
obeproBumu kuctsamu 30... 40 xB (muromuii omip Boau 10...18 MOwm);
® CyIIiHHSA IUIACTHH Yy TeHTpudyrax, M0 3HAXOMIThCS B OOSCHHICHUX
ckadaHapax.
XiMiuHE OCTaTOYHE yJIbTPAa3BYKOBE OUHUIIICHHS MPOBOJUTHCS B Tapsdiil BoJi
3 PO3YMHEHHUM B Hi MHUIOUYMM 3acO00M, a TOTIM TpHBaje BiIMUBAHHS B rapsyii
Bojl. [licas mporo miAKIaAKA KUM'SATATH B arleToHl mpoTsarom 5 xB. CymIiHHA
BiIOYBa€eThCS B Mapax aleToHy Ha BiacTaHl 1,5..2 cM Hag HOro mOBEPXHEIO
npotarom 45115 c.
HemoctatHhO SKiCHE OYMINEHHS MIAKIAAOK 3BHYAHHO TPHU3BOIUTH [0
MOTaHoi ajres3ii MeTajaeBOl IUNBKHU, a MEXaHIYHI 3a0pyJHEHHS - 0 MPOKOJIB Y

TUTIBII, 1110 BeAyTh 10 0OpuBiB enektpoxdis 3IIII.

3.2. @opMyBaHHS €JIEKTPOJHUX CTPYKTYP .

OCHOBHOIO HAMCKIAAHIMIOW OMNEPALIE€0 MPU BUTOTOBJIEHHI MPUCTPOIB HA
[TAX € ¢opmyBaHHs enekTpoaHux cTpykryp [1, 4, 8, 16, 18, 19]. Poboul
napamMeTpu BUTOTOBJICHUX MPHUCTPOIB OOMEKYIOTHCS TaKUMHU XapaKTEPUCTUKAMU
JiTorpadiyHOTO TPOLIECY K PO3JAUIbHA 34aTHICTh, TOUHICTh, HIIJIBHICTh Me(EKTIB
ta 1H. Jlo BigoMHX MeTOAIB JiTorpadii BIAHOCATHCS KOHTAKTHA, MPOEKIIHHA
doTomitorpadis, eIeKTPOHHOIIPOMEHeBa 1 peHTtreHorpadis, mazeporpadis i
roJyiorpadis.

[TopiBHSIHHS TIOKa3yIOTh, 110 rosiorpadisi, eaexkTpoHorpadis i peHTreHorpadis
xoua 1 3a0e3meuyroTh HeOOXiaHy i OumbinocTi npuctpoiB Ha [IAX posauibHy
3IaTHICTh, ajie MalwTh Majl poOoul MO, a TaKOoX CKJAJHIIIE 1 JOpOXKUe
obmagHanHs. J[J11 MacoBOro BHPOOHHUIITBA TEXHIYHO W EKOHOMIYHO BHTITHE
3aCTOCYBaHHA KOHTaKTHOI (hoTonitorpadii. OCHOBHI etanu mnpoiecy GopMyBaHHS
TOMOJIOTIT Ha MIAKIAAII METOJAOM KOHTAaKTHOI ¢oTomTorpadii MokazaHl Ha

puc.3.1.
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Puc. 3.1. OcHoBHi eTanu doTomiTorpadii: a — maKIagKa 3 METAJIEBOIO
ILIIBKOIO;
0 — HaHeceHHs (POTOPE3UCTY; B —CKCIIOHYBaHHS yepe3 (PoToradioH; r—
MPOSIBIICHHS (POTOPE3UCTY; J — TPABJICHHS METAJIEBOI IJIIBKU; € — 3HATTS

dboTope3ucty

B ocHoBy mpouecy ¢otomitorpadii mNOKIaJAeHa 3MaTHICTh JESKHX
BUCOKOMOJIEKYJIAPHUX 3'€THaHb ((DOTOPE3UCTIB) 3MIHIOBATH CBOI1 BIACTHUBOCTI [
Ji€0  CBITHA. Y 3al€XKHOCTI BIJI MeXaHi3My (OTOXIMIYHUX MPOLECIB, IO
MPOTIKAIOTh TiJ JII€0 BUIPOMIHIOBAHHS, PO3PI3HSIOTH TMO3UTHBHI 1 HETATHUBHI
dboTope3ucTu.

VY no3utuBHMX (hoTOpE3UCTaxX MiJl AIEI0 CBITIA BIAOYBAEThCS pPYyHHYBaHHS
MDKMOJICKYJIIPHUX 3B'SI3KIB 1 OMPOMIHEH1 JUISTHKUA CTalOTh PO3YMHHUMU B JTYKHUX
po3unHax. HeratuBHi (HOTOpE3UCTH TOJIMEPU3YIOTHCS Mif Ji€I0 CBITJIA 1 HE
PO3YMHSIOTHCS B TIPOABHUKY. HeraTtuBHi (hOTOPE3UCTH MAIOTh MEHIIY PO3UTHHY
3ATHICTh Yepe3 BEJNMKY JTOBKHUHY MOJEKYJ 1 He 3a0e3MeuytoTh He00X1IHOI SKOCTI
doromrtorpadii. Ha pwuc.3.1 300paxkeH0 TmpuKIaa EKCIOHYBaHHA 4epe3
doTomadson mo3uTUBHOTO (hoTope3ucty. ExcmoHyBaHHS BUPOOISIETHCS depes
UIUIbHO TOPUTHUCHYTUH /0 TOBEPXHI IUIACTUHU (HOTOIIAONOH (KOHTAKTHA
doTonitorpadis). Meroa npocTuil 1 3py4yHuUi, JO3BOJISIE aBTOMATU3yBaTH TMPOIIEC
doromitorpadii, 3aiiicHIOBaTH TpynoBy OOpOOKy IUIaCTMH Ha BCIX CTaJisxX

BUT'OTOBJIEHHA CTPYKTYp Ha ITAX.



Teopetnuna Mexa pO3AUIBHOT 3AAaTHOCTI KOHTaKTHOI QoTomiTorpadii
JIOPIBHIOE JIOBXKHMHI XBHJII aKTHBHOTO BHUMpOMiHIOBaHHA. [Ipum BUKOpHCTaHHI
CTaHAAPTHUX JoKepen YD-BUIPOMIHIOBAHHS pO3JUIbHA 3JAaTHICTh CKJaJlae
npubau3Ho 0,4 mMxM. ['onoBHMM (akTopoMm, 110 0OMEXKY€E PO3IUIbHY 3/1aTHICTh €
nudpakiiis CBITIA HA eJIeMEHTaX Torosorii. BunukHeHHs nudpakimiiHux edexTiB
3B'S3aHO 3 HASBHICTIO 3a30py MK (hOTOIIabJIOHOM 1 IIacTHHO. HaBiTh B yMOBax
TBEPJOTO TPHUTHCKY ImabjioHa O IUIaCTUHU KOHTAKTYIOUi TIOBEpXHI HE
OPWIATalOTh OJHA JO0 OJHOI MO BCIM TUIOHIMHI Yepe3 IMIOPOXOBATOCTI SIK
dboTomabdimona Tak i macTUHU. KpiM TOro, KO)KHA YacToYKa, IO MOTpanuiia Ha
KOHTAKTYIOU1 IOBEPXHI MPUBOJIUTH J10 YTBOPEHHS 3a30DY.

KonrtaktHa d¢otomitorpadis Moxe 3a0e3neudTd 1 OUIbII BY3BKI JIiHII,
HIMPUHOI0 TOPAAKY 1 MKM, aje uisi UbOr0 HEOOXIHO YCYHYTH Iu(pakiiiiHi
eekTd (JMKBIAYIOUHM 3a30p), 3aCTOCOBYIHOYHM (DOTOIIAONOHM 1 TIIKIAJIKH,
HEIUIONIMHHICTh SIKUX 3HAYHO MEHIIE ONTUYHOI JOBXKWHU XBHIJIl, HAHOCSYU
PIBHOMIpHI IUTIBKM ()OTOPE3UCTY, YCYHYBIIM MUJ 1 MIKPOHEPIBHOCTI, & TaKOXK
HiI0paBIId  ONTHUMAJIbHI TEXHOJOTIYHI PEKUMHU HAHECEHHS, EKCIIOHYBaHHS,
MPOSIBJICHHS, TPABJICHHS 1 T.J1., 0COOJIUBO MPU BEJIUKUX POOOUMX MOJISX.

OnHuM 3 MOKa3HUKIB, M0 XapaKTEPHU3YE SIKICTb PO3POOKH TEXHOJIOTTYHHUX
MPOILIECIB, € BEIIMYMHA PO3KHUIY IMapaMeTpiB TOTOBOI MpOAyKIlii. BoHa 3amexuTh
Bl CTYNEHIO HECTAOUIbHOCTI MpOLECYy BHUPOOHMITBA 1 Bl YYTJIMBOCTI
SJICKTPUYHUX TTapaMeTpiB BUPOOIB 10 HECTAOITLHOCTI BUPOOHUIITBA.

[IpoGnema peanizamii xapaktepucTuk npuctpoiB Ha I[IAX mnos's3ane 3
HaJliHICTIO (doTOoNiTOrpadiyHuX METOMAIB, IO 3a0e3MeUyI0Th BUCOKY PO3AUIbHY
3/IaTHICTh, MIHIMAJIBHUN BIAXiA 1 PO3KWJ TapameTpiB, TOUYHICTh CIOTyYEHHS,
BIJITBOPIOBAHICTh ~ CTPYKTYyp. OpHa 3  OCHOBHUX MpoOJeM  TEXHOJOTIi
JiTorpadiyHOTO  TPOIECY - JOTPUMAHHS >KOPCTKUX JOIMYCKIB Ha PO3MipH
€JIEMEHTIB 300pa)keHHsS, IO 3BHYAMHO HE MEpPeBHUINYIOTh S5 % HOMIHAIBHOTO
3HAYEHHS WUPHUHM JiHIi. J[J1g O1IBIIOCTI TPUCTPOIB MPAKTUYHO HE JOMYCKAIOTHCSA
(1%) oOpuBHM enekTpoidiB, HAWOUIbII HeOEe3MmeuHi B 00JACTi IEHTPAIHLHOTO

NETICTKA 3yCTPIYHO-IUITUPHOBOI CTPYKTypu. He momyckaroThCs 3aMHKaHHS



CJEKTPOIB Yy 30HI IXHBOTO B3aEMHOTO TEPEKPUTTS, IM03a 30HOK MOKJINBA
HasBHICTh HE Oubi 3-5 nedekrtiB THMy “ocTpiBens’. He momyckaroThest HaCKpi3Hi
NOJPSANUHA YU TIOPU Ha EJEKTPOJaX KOHTAKTHUX IUIONIAJKaX, IO OTrOJIOITh
MIIKIAAKy B OyIb-SKUH TOYIN, a TAKOXX HACKPI3HI MOAPSANWHUA YA TIOPH, IO
3MEHIITYIOTh TIEPETHUH €JIEKTPOIB KOHTAKTHHUX ILIomaok Ouiein Hix Ha 40 %. He
JIOTYCKA€ThCSl HASIBHICTb CTOPOHHIX 4YAaCTOK, IO 3'€AHYIOTh Oyab-siKi JBa
TUTIBKOBUX €JIEMEHTU CTPYKTYPH 1, III0 HE BUIAJISIOTHCS 32 JTOMTOMOTOI0 OYHUIIICHHS
ra3oM, a TaKOXX HAsBHICTb MIXK €JEKTPOJAMH METAJEBUX [UISHOK, IIO0 MAarOTh
niametp 611biI 50 % 3a30py MK €IEKTPOJaMH.

Ontumizaiiiss TEXHOJOTTYHOro mpoiecy dotomitorpadii crnpsMoBaHa Ha
MIJBUIICHHS SKOCTI TIPOBEJEHHS oOmepamiid 1 3a0e3nedyeHHs HaAIHHOCTI 3a
JIOTIOMOT'OI0 IMIJIBUILEHHS BUMOI IPH KOHTPOJI. 3 METOK ONTHMI3alli Mpolecy
doTomitorpadii Oynu BiANpaIbOBaHI PEKUMHU 1 MAPIIPYTH OMeparliii : HaHECEHHS
dboTope3ucTy, CIONY4YEHHS ¥ EKCIOHYBaHHS, MPOSBICHHSA, TPaBlIEHHA. MeToro
JaHoi pobotu Oyno 3'acyBaHHA [l1i pi3HMX (DaKTOpIB, LIO0 BIUIMBAIOTH Ha
MPOTIKAHHS IIUX OMepalliii, BU3HAYCHHS HAMOUIbII ICTOTHUX 3 HUX, BUOIp YMOB,
IIPU SIKUX SKICTH 0OpOOKH BIJIMOBIIA€ MPEA'sIBICHUM BUMOraM. BinpanboByBaHHs
PEXHUMIB TEXHOJIOTIYHOTO TIpollecy BUTOTOBJICHHS JI3 MOXyTh BHpOOJATHCS HA
YCTaHOBKax, 110 BXOJSTh B aBTOMAaTH30BaHMM KoMmruiekc “Jlaga-125: aBTomar
HaHeceHHs  (otopesucty  08DH-125/200-004, ycranoBka IK-koHBeepHOi
TEPMOOOPOOKHU 02CT-170-005, aBTOMar MIPOSIBJICHHS doTopesucty
08®H-125/200-003. Oneparii TpaBieHHs i 3HATTS (OTOPE3UCTY BUKOHYIOTHCS Ha
YCTaTKyBaHHI, 110 BXOJWTh Y HamiBaBTOMaTW4Hy JiHito “Jlama-1”: ycTaHoBKa
00poOku B opraniunux poszunHHukax (084X0-100-003, ycraHoBKa BiAMUBaHHSA 1
CYIIHHS 0848J1C-0/1500-004 . s MDKOTIEpaIiifHoro KOHTPOJTIO
BUKOPUCTOBYEThCsT Mikpockom MCCO TV 3-3587.78, a mns OuIbIl TOYHOTO
KOHTPOJIIO BIATBOPIOBAHHOCTI po3MmipiB - mikpockon METAM JICT 15150-69,

KWW fa€ MakcuMalibHe 3011bineHHs B 300 pasib.



Texnonoriunuii mpouec ¢otomiTorpadii MPOBOAUTECA B MPUMILIEHHI, IO
BIIMOBIZIa€ BUMOTaM eJIeKTpoHHO-BakyymMHOi ririean OTT 4I'0.091 319-81,
TPETbOMY KJIACy 10 YHUCTOTI, JPYrOMY KJIacy IO BOJIOTOCTI 1 TeMIIEparypi.

Hanecennst poTope3ucTy € 0HOIO 3 OCHOBHUX 1 HAWO1IBIT BiMOBIATBEHUAX
omeparliii poromiTorpadigHOro MpoIecy, TOMY IO Bijl SKOCTI TUIIBKH ()OTOPE3UCTY
B OCHOBHOMY 3aJICKHUTh SKICTh 300paKEHHS CTPYKTYpuU (HITKICTH Kparlo,
BIJICYTHICTh HEBUTPABJIICHUX JUISHOK, IIUIBHICTh MPOKOJIB), HEIOTPUMAHHSI
ONTUMAJIBHOTO PEXHUMY MOXXE TPUBECTH OO HETOYHOI TMepenadi po3MipiB.
doTtope3ucTd MOBHHHI 3abe3nedyBatu onaepxkaHHsS TOHKHX (0,2+3 MKM) 1
CYLIUTBHUX TUTIBOK 3 SIKICHOIO aJIre31€10 10 MIIKJIAIKH, BUCOKOIO PIBHOMIPHICTIO TIO
toBIMHI (1+5 %), BIACYTHICTIO MEXaHIYHUX 1 IHITUX 3a0pyAHEHb.

3 METOI0 3HM)XKEHHS Ae(EKTHOCTI IUIBKA (POTOPE3UCT MEpe] HAHECEHHSM
JOIIIBLHO TMIAAATA LEHTPOPYryBaHHS TMPOTATOM OJIHIEI TOJWHH 3 YaCTOTOIO
obeptanus 6000...7000 06/xB. Ilicist IbOTO MPOBOAUTHCS peTeibHa QUILTpAILis i
THUCKOM uepe3 (QUIbTPU TOHKOTO OYHIIeHHs 3 po3mipom mip 0,25 mxm (Millipor) .
®DinbTpH BCTAHOBIIOIOTHCS OE3MOCEPEAHBO B YCTAHOBKY HaHECEHHS (DOTOPE3UCTY.

@DOTOPE3UCT HAHOCATH METOJOM ULEHTPOPYryBaHHS Ha  YCTaHOBLI
08DH-125/200-004. Iligknaaka 3aKpiILUIIOETHCS HAa METAICBOMY CTOJIMKY 3a
JOTIOMOTOI0  BakyyMmy. [lpu BrirodeHH1 HeHTpudyru 3 jgo3atopa Ha ICHTP
MJIACTUHU TOJAEThCS KibKa Kameyb ¢oTope3ucty. [lin niero HeHTpoO1KHOT CUn
(GOTOPE3UCT PO3TIKAETHCS MO TOBEPXHI IUIACTUHU, a HAUIMIIKUA CKUIAIOTHCS B
30ipHUK. 3 MOMEHTY TonafaHHs (OTOPE3UCTY Ha IUTACTHHY MOYMHAETHCS
IHTEHCUBHMIM BHIMAp PO3UYMHHUKA, Y PeE3yibTaTi 4YOTO B'SA3KICTh (HOTOPE3UCTY
MIBUAKO 3pocTa€e. Y BH3HAUYEHWH MOMEHT 4Yacy BHYTPIIIHI CHJIM 3YETUICHHS
MOJIEKYST ~ (DOTOPE3UCTY  BPIBHOBAXKYIOTh  BIJIIEHTPOBI  CHJIHM, PO3TIKAHHS
dboTope3ncTy MpUNUHIETHCS 1 HOPMYBaHHS 1Ay 3aKIHIYETHCSI.

ToBiMHa 1mapy BU3HAYAETHCS IMIBUIKICTIO 00EpTaHHS HEHTPUDYTH, YacoM
LHEHTPYBaHHS 1 B'S3KICTIO Porope3ucty. DakTopu, 10 CIOTBOPIOIOTH MATIOHOK,
CWJIBHILIE BUSIBISIIOTHCSI B TOBCTOMY (hOTOLIapi, TOMY 31 301IbIIEHHSM TOBIIUHU
po3UIbHA 37aTHICTh Majae. 3 1HIIOrO OOKy, TOBIIMHA IIapy MOBHHHAa OYyTH

JIOCTaTHBOIO, 1100 MPOTUCTOATHU JIii TPABHUKIB 1 IEPEKPUBATH HEMUHYU1 JIOKAIbHI1



nepeKTH B CTPYKTypl IUTiBKH. TakuM YHHOM, BUOIp TOBIIMHU (poToiapy
0OYMOBJICHHM KOMITPOMICOM MIK BHUMOTOIO JOCTaTHBOI PO3JUIHHOI 34aTHOCTI 1
aaresii, Ta 3 IHIIOTO OOKYy 3aXMCHUMHU BIAcCTUBOCTAMU (poromacku. [Ipu mpomy
MO>KHA BUXOJIUTHU 3 TOTO, [0 MiHIMaJIbHUN PO3MIP €JIEeMEHTA 8pyjn 1 TOBIIUHA APy
dotopesucty h y Bu3HAUEHOMY HAOJIMKEHHI 3B'I3aHI  CIIBBIAHOIICHHIM
h <0.3 -amin. Lle cnoiBBIgHOIIEHHS HaKIaga€ OOMEXEHHS Ha MaKCHMAaJbHO
NPUIYCTUMY TOBIIMHY (oTomapy. MakCHUMallbHO TPHUITyCTHMa BEIWYWHA
BHU3HAYAETHCS IPUITYCTHMOIO HIUIBHICTIO IMPOKOJIB, OCKUIBKHM 31 3MCHIIEHHSAM h
IIIJIbHICTh MPOKOJIIB 3POCTAE.

JInst oneprKaHHS MIHIMAJIBHOTO PO3MIpPY €JIe€MEHTa amin = /,7 MKM TOBIIMHA
mrapy h <0,3 - 1.7 ~ 0.5 mxm. OcHOBHI XapakTepucTuku ¢oropesuctie OI1-383 1
®I1-051MK npuseneni B Tadi.3.1.

Taoannsa 3.1
OcHoBHi xapakrepucTuku goropesuctiB ®I1-383 i ®II-051 MK

doTope3uc B's3kicT [inbH1 MiHiMaTbHO ToBmuHa
T b, MM/c CTh, BIJITBOPEHUN IUTIBKA, MKM
p r/cm PO3Mip,MKM
3
@II - 383 6...6,5 0,923 2,4 1,6+0,2
OII- 4015 1,057 2,0 1,0+0,2
051MK

ExcniepuMeHTaIbHO TIepeBIPSUTHCS 3aJIGKHOCTI TOBIIMHM IIapy (PoTope3ucty
BIJl B'A3KOCTI 1 yKcyia o0epTiB HeHTpUu(yru. PexxumMu HaHECEHHS 3MIHIOIOTHCS B
HacTymHUX Mexkax: go3a 0,5...12, posrikamas 1=1...10 ¢ (v;=600...1500 06/xB),
dopmyBannas 1=20...40 ¢ (v,=3000...6000 06/xB), THCK y 6auKky 3 (OTOPE3UCTOM
P=0,6...0,7 kr-c/cM®,

[Ipu poGoti 3 DII-383 cnocrepiranacss mnosiBa Npu LEHTPUDYTYBaHHI
HEPIBHOMIPHOCTEH, 110 MarOTh BHJ MPOMEHIB, IO PajiaJbHO PO3XOIATHCS BiJl
neHTpy miactuu. [losBa MPOMEHIB MPU3BOJIUTH JI0 JIOKAIBHOI 3MIHH PO3MIpIB

(HepIBHICTh Kpaw), TOMY IO YMOBU €KCIOHYBAHHS IPOMEHIB Ha BHUCTYII 1



BraguHi pizHi. KpiM TOro mo kparo migkjIajKyd BUHUKA€E CTOBIIEHHS, IIMpPUHA 1
BHCOTA SIKOTO 3aJICKUTh BiJ B'A3KOCTI (HOTOPE3UCTY, MIBUJIKOCTI 1 Yacy oOepTaHHs
HEeHTpUPyTH.

JlochmipkeHHsT TMOKa3alu, M0 31 30UIBIICHHSM 4YacTOTH OOepTaHHA
HEHTPU(PYTrd TOKPUTTS BUXOAATH OIIBIT TOHKUMH, 1 IO OILIBII BaXJIHMBO,
pIBHOMIpHUMHU. Yac MPUCKOPEHHS TaKOX € BaXJIMBUM YMHHUKOM. MiHIManbHUN
pO3Mip CTOBILEHHS OyB OTpUMaHHI MPH MiHIMAIFHOMY 4aci mpuckopeHHs (1c).
Yac nenTpudyryBaHHd Mallo BIUIMBA€ Ha MapaMeTpu Iiapy, A (QopMyBaHHSA
nocuth 20...30 cex. Ilpum mentpudyryBanui 31 mBuakictio sumie 6000 06/xB
3pOCTa€ MIIIBHICTh MMPOKOJIIB B MBI (POTOPEZUCTY.

Hust ®I1-383 excrniepuMEHTaIbHUM MIISXOM OyJIM OTpUMaHi HACTYIIHI
ONTUMAaJbHI pPEeXKUMU HaHeceHHs: nm03a0,5...0,7, posrikanus t=lc (v;=1500
00/xB ), popmyBanns 1=20...30c ( v,=5000 06/xB ). ToBIIMHA OTPUMAHOTO IIIAPY
BUMIPIOETHCS 3 BUKOPUCTAHHAM Mikpockorry MUN-4.

Kpami pesynbtatn Oynum oTpumaHi mnpu  poboTi 3 (HoTope3ucTtom
®I1-051MK. Bin xapakTepusyeTbCs OUTBIIOI PO3AUIHHOIO 3AATHICTIO, OUIBIION0
CTIMKICTIO JIO XIMIYHUX BIUIMBIB, KPaIIOIO aare3i€ro A0 IUTIBKU ajtoMiHito. Jlis
JNOCSITHEHHS TOBIIMHU h=0,5MKM 3017bIIEHHS IUBUIKOCTI OOEPTAHHS UEHTPUPYTH
BUSIBUJIOCA HEJOCTaTHIM. Tomy OYB CTBOPEHUN PO3YMHHUK (JUOKCAH) ISt
po3BeleHHS  (OTOPE3UCTY Yy  BU3HAYECHOMY, EMIIPUYHO  MiAiOpaHOMY
criBBigHomeHH1 (1:2). ¥V Takuii crmoci® BHSABICHO, IO HAWOUIBII BHUCOKA SKICTh
doTomapy mo TOBHIMHI 1 piBHOMIpHOCTI 3a0e3mneuye (oropesuct PII-051MK
pPO3BEICHUN JMOKCAaHOM Yy cHiBBigHOIIEHHT 1:2. Jlnsg oxaepkaHHs 3a/laHOi
(HOMIHAJNBHOT) TOBLIMHM IIApy JOLUIBHO YacTOTy OOEpTaHHS YCTaHOBIIOBATH
Buiiie KputuyHoi (5000 06/xB), TOOTO B 00J1acTi, 1€ BOHA MPAKTUYHO HE BIUIMBAE
Ha TOBIIMHY JJIsI 33J10BUIBHOI BIAITBOPIOBAHOCTI PE3YJIHTATIB.

HacrtymHoro omepartii€ro mpu HaHECEHHI (POTOPE3UCTY € CYIIIHHS, b IKOI
MoJisira€ 'y BUJAJICHHI 3JIMIIKIB PO3YMHHUKA, IO MOXE IOCIA0UTH aJre3ito
dotope3ucty 1o MeraneBoi miiBkU. [1{00 YHUKHYTH 3HM)KEHHS CBITJIOUYTJIMBOCTI,

pPO3TPICKyBaHHS TUTIBKH (HOTOpPE3UCTy 1 30epekeHHs ii eJaCTUYHOCTI CYIIIHHSA



JOLJIBHO TMPOBOJUTH B JIBa €Talld: MOMEpPEJHE BUTPUMYBAHHS MpPU KIMHATHIN
temneparypi mpotsrom 10-15xB, 1 ocCTarouHe CyIIIHHA TpPU TeMIepaTrypi
90-100 °C. Omnepariist TPOBOANTHCS Ha yCTaHOBII [Y-KOHBEEpHOI TEPMOOOPOOKH,

TeMIleparypa B KWl IMIATPUMYETHCS 3a 3aKoHamu Biamosigao 95-100-95 °C
npotsarom 6-8 xB. Ilpu [Y- cymiiHHIO KepenoM TEIIOTH € MiJKIaaKa, IIo
noriimHae [Y - BUMpPOMIHIOBaHHS, TOJ1 SIK HABKOJIMIIHE cepenoBuIlle (TTOBITPS)
30epirae mpuOIN3HO KIMHATHY TeMIepaTypy 3aBIsSKH O€3yIMHHOMY MPOTyBaHHIO.
[Ipu ipoMy B muTiBII (DOTOPE3UCTY BiIOYBAIOTHCS CKIIQJHI peflakcalliifHl MpolecH,
IO YUIUTBHIOIOTh CTPYKTYpPY Iapy, IO 3MEHIIYIOTh BHYTPIIIHI HAmpy>XKeHHS 1
NIJBUIIYIOTh AAre3ii0 mapy A0 miakiajgku. Oco0iMBO HEOE3NEYHUM € Tepenagn
TEMIEPATYPHU B3/I0BXK 3aTOTOBKHU.

[Ipy HemocTaTHPOMY CYLIIHHI MOXYTh 3MIHIOBATUCS BHMOTH [0
€KCIIOHYBaHHS, TOMY IO PO3UYMHHUK IEPEHIKO/KAE YTBOPEHHIO MOMEPEYHUX
3B'SI3KIB 1 TMEPETBOPEHHIO (YHKIIOHATBHUX TPy, B pe3yJbTari 4oro Oyne
CIOCTEPIraTUCS PO3MUBAHHS CTPYKTYpU. BiaxuiieHHS TemmnepaTrypu CyIIiHHS Bij
ONTUMAJILHOTO 3HAYEHHS Ha KUJIbKa IPajlyCiB MPU3BOJUTH 10 BIIXWICHHS PO3MIPIB
€JIEMEHTIB (CIIOCTEPIraeThCs HEAOMPOSIBICHHST MaJlOHKA MPU MepecylryBaHH1 ado
MEPENpOsIBICHHS 1 BIIX1J PO3MIPIB MPU HEJOCTATHIM TeMIiepaTypi CYIIHHS
doTopesucty). Yac eKcroHyBaHHS HEJOCYIICHOTO (DOTOPE3UCTY 3OUIBITYETHCS
BHACJIIIOK TOTO, IO MPHU 3aCBIUyBaHHI MOJEKYJIW PO3UYMHHUKA, 110 3aJTUIIUBCS,
CKPaHYyIOTh Iap, KUK JISKUTh HIDKYE, 1 MICHS TMPOSBY 3aTHINAIOTHCS NeDEKTH y
BU/Il HEPO3YMHEHUX 00JIACTEH.

[linknanku 3 HaHeceHUM (POTOPE3UCTOM EKCIOHYIOTh Ha YCTaHOBKax
CHoJlydeHHsI U excrioHyBaHHsS EM-576A (moBkWHa XBWIII BUIIPOMIHIOBAHHS
prytHoi nammu A=350...450 mm), EM 5006 A (A=350...450 uMm ). YcrtaHOBKHU
MICTATh TMPUCTPIN CHOJYYEHHS, 3a JIONOMOIOK SIKOTO 3A1MCHIOETHCS B3a€EMHA
OpieHTaIlis MIAKIaaKku 1 PoTomadiaoHa, 1 3a0e3MmeuyeThCsl MIITBHUN KOHTAKT MiXK
HUMH (BakyyMHu# nputuck). [llopa3 nepen mouatkom poOOTH BapTO MEPEBIPSTU

ocBiTieHicth L=40 Tuc. Jkx.



TexHomOTIYHI pEXUMHU EKCIOHYBaHHS BUOMPAIOTHCS Y BIAMOBITHOCTI 3
BJIACTMBOCTSIMH BHUKOPHCTOBYBaHOTO (orope3ucty. Ilpu BuOOpi ONTHMAaIbHOTO
4yacy €KCIIOHYBaHHS BapTO BPaxOBYBATH B3a€EMO3B'SI30K HOT0 3 4acoM MpOsiBY. 3
METOI0 3MEHILIEHHSI CIIOTBOPEHb Yepe3 AMPPAaKIio 1 BiIOMBaHHS, SIKI BEAYTh 10
PO3LIMPEHHS E€KCIIOHOBAaHUX JUISHOK, Yy pe3yJbTaTi 4YOro MICIAS MPOSBY
CIIOCTEPITa€eThCS BIAX1T Bl pO3MIPiB, BAPTO 3MEHIITYBaTH Yac €KCIIOHYBaHHS.

3 iHIIOT CTOPOHU HEAOCTATHHO €KCIIOHOBAHMI MAJIOHOK LIJIKOM 3aJIHINAETHCS
i1 “ByaJuTio” HEPO3UMHHOTO TOJIIMEDY.

Sx mposiBHEK 100pe 3apekomenmyBaB cede 0,5% poszuumn myry KOH mpu
T=22 °, pH pozuuny =12,84+0,01.

OCHOBHMMHU TMapaMeTpamMH OILIHKM SIKOCTI MPOSIBY € TOYHICTh Nepeaadl
(BIZHOILIEHHS pO3MIpiB  300pakeHHS Ha (GOTOPE3UCTI JO PO3MIpPIB  Ha
¢oTomadmoH1) 1 BIATBOPIOBaHICTh. JlOCHIKEHHS NOKa3aid, MO (POTOPE3UCT
®I1-383 BIIPI3HAETbCS HECTAOUIBHICTIO MNPU OJIEp)KaHHI MIKPOHHUX IITPHUXIB
NopsAAKY 3 MKM 1 MEHILE, ajieé Ja€ 3aJ0BUIbHI pe3ylbTaTH MPU BUTOTOBJIEHHI
CTPYKTYp 3 MiHIMaJIbHUMH po3Mipamu Ouibiie 10 mxm. ITpu npomy onTumanbHU
yac eKCIOHYyBaHHS Ha yctaHoBii EM-756A 1,=6...8 cek, mpu 1boMy 4yac mposiBY
t,,=15...20 cex.

Jlns onepraHHsI €JIEMEHTIB 3 po3MmipaMu nopsaky 1,7..3 MKM JIOUUIBHO
BukopuctoByBatu (poropesuct ®PI1-051MK, ToMy 1110 B HBOTO Kpaima aaresis 10
MIJKIAAKA 1 BIH OUIbIN CTIMKMN 10 BIUIMBY MposiBHMKA. HeoOxigHa sSKICTh
MaJTIOHKa BUXOAWTH IUISXOM 3MEHIICHHsS 4Yacy eKCIMOHYBaHHS TpU 301TbIICHH]
yacy mnposiBy. llpu 1bOMy ONTHMalIbHI PEKUMHU EKCIOHYBaHHS Ha YCTaHOBII
EM-5006A t,=2...3 cexk , t,,=40...60 cex .

[Ticns mposiBy BapTO MPOBECTU KOHTPOJIb IKOCTI OTPUMAHOTO 300paKeHHSI.

MosxiiiBl HaAcTynHi BUAU JAePEKTIB Ha BHIBICHOMY MAaJIOHKYy B IIapi
dboTope3ucTy i OCHOBHI MPUYMHU IXHHOTO BUHUKHEHHS:

- HEMOBHMI MpoAB: nepeBulleHHs t cymiHHA (HOTOPE3UCTY; HEAOCTaTHIN yac
eKCIIOHYBaHHs;, BeNMYMHAa pH TpOsSBHMKA MEHIIA BCTAHOBJICHOI; TOBINWHA

dboTopesucty OiIbIIe 33a/1aHO1; MaJTUil Yac MPOsIBY;



- HEpIBHICTh Kparo MalioHKa: OpyaHuil (oTomabioH; HAasABHICTH 3a30py MIX
IUTACTUHOIO 1 (POTOIIA0JIOHOM Y MOMEHT E€KCIIOHYBAaHHS, HEIOCTaTHA 0O0poOKa
dboTto mapy;

- 30UTBIICHI PO3MIPH JUISHOK, BUIBHMX BiJ (DOTOPE3UCTY: 30UIBIICHMN Yac
CKCIIOHYBaHHS;, HAsABHICTh 3a30pYy MIXK IUIACTHHOIO 1 (HOTOIIAOJIOHOM Y MOMEHT
CKCIIOHYBaHHS; TE€pEeBUIEHHS pH  po3uuHy Il TNpOsBY; TEPEBUIICHHS
TEMITepaTypH MPOSIBHUKA,

- HasBHICTb MEXaHIYHUX YIIKO/DKEHb TIPOSBICHOI IUIIBKU (DOTOPE3UCTY:
4acTOYkd (oTopes3ucTy, M0 NPUIUIUIA [0 IIa0JIOHYy TPU TMOBTOPHOMY
€KCIIOHYBaHHI 0e3 MNpOMUBAaHHS (POTOIIA0IOHA; CHONYYEHHS MNpPU HYJIbOBOMY
KOHTaKTI1; HEaKypaTHICTh pOOOTH OIepaTopa;

- JIOKaJbHI IPOKOJM 1 BKIIIOUEHHS B IIapi: HEIKICUW (POTOIIA0IOH; HEsKicHa
binpTpartiis GOTOPE3UCTY; MWIMHKU MK (OTOIMIAOIOHOM 1 MJIACTUHOO; MOBITPSIHI
MIXYpH, 10 YTBOPIOIOTHCSA MPHU 3aHYPEHHI MIIACTUHU B PO3YHH MPOSBHUKA,;

- y Tmporeci TposBy BHIyuYeHUH Bech (OTOPE3UCT: MEPEBHILEHHS Yacy
MeXOTepalifHoro 30epeKeHHs TIACTUH; He3aI0BUIbHA SKICTh METAJIEeBOI ILUTIBKY;
HU3bKa TeMIepaTypa 4YM HEIOCTaTHIM Yac TepMooOpoOku (¢GOTOpPE3UCTY;
MEPEBUIIICHHST Yacy BUTPUMKHU B MPOSBHUKY; TMEPEBUINCHHS BenuuuHu pH 1 t
PO3YHHY ISl IPOSIBY;

- HEUITKe 300pakeHHs1 a00 HEPIBHOMIPHUN BIIXIJ PO3MIPIB MO POOOYOMY
MOJTFO: TIOTaHUH KOHTAKT (hOTOIIA0JI0OHA 3 T1IKIIAIKOK; HETJIOMMHHICTD TIACTHHU
a60 (oTo11a0I0HY BUIIE HOPMHU.

AHani3 TpUYMH BUHUKHEHHS N€(EKTIB MOKa3y€e TICHUM B3a€EMO3B'A30K 1
BITUB KOXHOI MOTIEPEIHBOI OTepalii Ha HaCTyIHY, y Pe3yJIbTaTi Yoro MPUIHHOO
nposiBy Opaky npu (opMyBaHHI MaJlOHKa y BUSIBIICHOMY I1api (POTOPE3UCTY MOKE
BUSIBUTHCS BIAXWIICHHS BiJl ONTHMAJIBHMX PEXHMIB KOXKHOI 3 TIOIEpPEeIHIX
oreparii.

Hacrynna TtepMooOpoOka BHSIBIEHOTO penbedy MNPOBOJUTUCS 3 METOIO
MIJBUINCHHS aare3ii 1 XiMiuHOi cTaOUIBHOCTI (hOTOPE3UCTUBOTO IMOKPUTTS. Bin

TeMIepaTypy 1 XapakTepy MIIBUINECHHS ii MiJ 4ac CYUIIHHS 3aJIeKUTh TOYHICTh



nepeaadi po3mipiB 300paxkeHb. Pi3ke HarpiBaHHsS BUKJIMKAE OIUIABJICHHS KpaiB,
TOMY JJII TOYHOI Tepeadi MajauX pO3MipiB 3aCTOCOBYETHCS TUIABHE ITiIBUIIICHHS
TeMriepaTypu. HemocyuinHs pe3ucTy Npu3BOIUTh /10 MIBUAKOTO IMiATPaBIIOBAHHS,
HaBITh MPHU HU3BKUX TEeMIIepaTypax TpaBjieHHs. 30UIbIICHHS TEMIIEpaTypu MOXKe
MPUBECTH 10 TJIMOOKOT mojiMepu3allii (HOoTOpe3ucTy, Micias sIKOi HaBiTh MpHU
TPUBAJIOMY BIUIMBI OPraHIYHUX PO3UYMHHUKIB HE BHAETHCS BUIAIUTH 3aJUIIKA
doropesucty. OnTumManbHi pPEKUMHU CYIIIHHA HAa YCTAaHOBII KOHBEEPHOI
TepMOOOpOoOKH 6...8 xB ipu T=120-125-120 °C BiamoBiaHO 1 TPHOX 30H.

TpaBneHHss € 3aBeplIANBHOIO  CTAMIEI0  TEXHOJOTIYHOTO  MPOIECY
(GopMyBaHHS €JIEKTPOJAHUX CTPYKTYp 1 BIUIMBA€ HA BUXIJHI MapaMeTpU BHPOOIB.
Jlo mporuecy TpaBlIeHHSI BUCYBAalOTh HACTYNHI BUMOI'M: MIHIMaJbHI CIIOTBOPEHHS
T€OMETPUYHUX PO3MIPIB CTPYKTYp; MOBHE BUAAJIICHHS MarTepiady Ha JIISHKaX, HE
3aXUIIEHUX (POTOPE3UCTOM; BHUCOKA CEJIEKTHBHICTh TpPaBHHMKA; MOKIIUBICTh
KEpPYBaHHSI IPOLIECOM.

SkicTh TpaBHUKAa 0araTo B 4OMY BH3HAYAETHCS SIKICTIO (DOTOPE3UCTUBHOL
Macku, 1 aares3i€r0 A0 TMIJAKIAJAKHA, MIKPOCTPYKTYPOH 1 PIBHOMIPHICTIO IO
TOBUIMHI. TpaBHHKM TOBUHHI OyTH XIMIYHO MACHMBHUMHU CTOCOBHO MaTepiairy
dboTomacku. [loBuHHI HOMyCKaTH MOXKIMBICTh MiI0OPY ONTUMAIBLHOI JJIA JaHUX
YMOB IIBHUJIKOCTI TPABJICHHS, IO 3a0e3neuye 3 OJIHI€El CTOPOHU MiHIMAIbHY
HIUTBHICTh JA€(PEKTIB OTPUMAHOTO MAaJIOHKA, a 3 IHIIOI - MOXKJIMBICTb TOYHOIO
KOHTPOJIF0O dYacy TpaBieHHs. JIius TpaBieHHS IUIBOK aIOMIHIIO IIHPOKO
BUKOPHCTOBYETHCSI TPABHUK HACTYITHOTO CKJIaay: Kucjaota oprodocdopHa 76 mi,
KHCJIOTa onToBa 15 mu1, KucinoTa a30THa 5 M1, Bojia 5 MII.

OnTuMalbHUM PEXUMOM TPOLECY TpaBJIEHHS €: TemIeparypa TpaBHUKa
T=45°C, yac tpaBnenus - 60 cex. IIpu 3MiHi TemrepaTypu TpaBHHKaA Oijibline, HiK
Ha 5°C 3MIHIOETBHCS Yac TPABJCHHS, a 3aHAJATO MOBUIBHE YM IIBUIKE TPABJICHHS
MIPU3BOJIMUTH J0 301IBIIICHHS BEJIMUMHM ITiATPABIIOBAHHS.

OcoOnuBICTIO JaHOTO TpaBHUKAa € Te, IO B TMpOIECi TpaBJICHHA
YTBOPIOIOTBCA IYyXHUPI BOAHIO, IO TSDKKO BHUJAISIIOBCS YHACHIAOK BEJIMKOI

B'SI3KOCTI TpaBHUKA (0pTOdoCchHOpHOi KUCIO0TH). Bunansatu ix HEOOX1AHO JJIs1 TOTO,



o0 He 3aJIMIIANKCA HENPOTPaBICHI AUISHKH (XapakTepHI BEIMKI IJISIMHU
ANIIOMIHIIO), [0 TPHU3BOAATH JO 3aKOPOUYYBaHHS eNneKTpodiB. Tomy s
JIOCSITHEHHSI KpalluX pe3yJbTaTiB TpaBlIeHHA €(PEKTUBHO BUKOPHCTOBYETHCS
TPaBHUK HACTYMHOTO CKIaAy: OKHC Xpomy - 60 r, ¢ropuctuii amominiii - 10 r,
Bojia - 1 1. IlepeBaroro Horo € BiJICYTHICTh HEJOTPABJICHUX JIJISHOK, KIMHATHA
TeMIlepaTypa TPABJICHHS MPU TOMY K Yacl TPABJICHHSI, OJICPKaHHS OUIbII YITKOTO
Kparo MairoHka. /[ ojepskaHHS MIHIMAIBHOTO ITATPABIIOBaHHS, IO OLIbIIE
MO3HAYAETHCS HA €JIEMEHTaX 3 pO3MipaMH MEHIIE 3 MKM, 3aCTOCOBYETHCS
nepioinyHe BHUIAJICHHS MPOMYKTIB PEAKIlli MBHIKUM MPOMHBAHHSIM CTPYMEHEM
Bojau. Jlis miaOypeHHs TMiAmapy BaHAIIl0 BUKOPUCTOBYeThbes 30% po3unH
nepekucy BoaHto, T=22 °C i t=4-7 cexk.

Haiinpocrimor # ocTaTouHow omepaili€ero mpouecy ¢oTtomitorpadii €
BUJIAJICHHST (OTOPE3UCTy. 3a YyMOBH JOTPUMAHHS ONTHUMAIBHUX PEKUMIB
TEXHOJIOTTYHOTO MPOIECy BUIATICHHS (POTOPE3UCTY JETKO 3MIANCHUTUA B XOJIOIHIN
cyMil quMeTundopMeHuay 1 MoHoeTruHonaminy (1:1).

Y Ttakmii cmoci®0 I OJIep)KAaHHS ~ BHCOKOI TOYHOCTI  Iepejadl,
BIJITBOPIOBAHOCTI 1 $IKOCTI €JIEKTPOJHUX CTPYKTYp HEOOXIJIHE IOTpUMaHHS
ONTUMAJIbHUX PEXUMIB BCiX omepartliii. Kpim Toro mist ogepkaHHs BUCOKOT SKOCTI
MajtoHka HeoOxigHe Bukopuctanus poropesucty GII-051MK. OI1-383 mae rapny
BIITBOPIOBAHICTh PE3yJbTAaTIB MPU BUTOTOBJIEHHI CTPYKTYp 3 poO3MipamMu

eJieMeHTIB opsAaKy 10 Mkwm 1 OubIIe.

3.3. KoHCTpPYKTHBHI 0c00JIMBOCTI NPUCTPOIB HA
MOBEPXHEBUX AKYCTHYHHX XBHJISAIX

JInst 3axucTy BiA 30BHINIHIX BIUIMBIB aKyCTOEJNEKTpPOHHI Moayii Ha [TAX
PO3MIILLYIOTECA B KOpIycax, A0 AKUX Mpea'siBIASIOThCS HACTYITHI BUMOTH:

-KOpIyC  TIOBMHEH  OyTM  BUTOTOBJIEHUH  MeETajgiB 3  BHUCOKOIO
CJICKTPOIPOBIAHICTIO (MiJlb, JIATYHb, JFOMIHIN) JJIS €JIEKTPOMArHITHOI PO3B'SI3KU

MIDK BXOJIOM 1 BUXOJOM MPUCTPOIO;



-BUBOJIM TMOBHUHHI OyTH BHCOKOYAaCTOTHHMHU 1 T€PMETHYHHMMH, TMOBHUHHI OyTH
po3TanioBaHi No0JIM3y KOHTAKTHUX TUIOMIAA0K npuctporo Ha [TAX;

-KOpIyC TOBHHEH 3a0€3MEeYUTH TEePMETHUYHICTh- YCEpEeAHHI  KOpIyCy
CTBOPIOETHCS BaKyyM a00 3aIyCKaeThCsl IHEPTHUM ras3.

Omneparii ckinaganHs npuctpoiB Ha [TAX mnpoBoAsTBCS 3a HACTYIMHOIO
CXEMOI0: TpHKJIEHKAa MIAKIAJAKKH B KOPIIYC; PO3BApPIOBaHHS 30JI0THM JAPOTOM
CJICKTPUYHUX BUBOIB 1 3a3€MJICHb; 3MII[HEHHS JIAKOM YU CTPYMONPOBITHUM
KJICEM 30JI0TMX BUBOJIB HAa KOHTAKTHUX IUIONIAJIKaX; Te€pMETU3allisl KOPIyCY;
nepeBipKa T€pMETHYHOCTI T'eJIIEBUM MPUCTPOEM AJIs MOIIYKY BHUTIKAHHS 4epes3

MTCHI'CJIIb, Bizu(atn(a 1 HAaITOBHCHHS iHepTHI/IM ra3om, repMeTmauiﬂ IMTCHI'CIIO.

[IpukseroBaHHsl TJIACTHHU TIOBUHHO 3a0€3MEYUTH MEXaHIYHY MIIHICTh TPH
BiOparii Tta ymapax. Illap ket moBuHeH OyTH JAOCUTH €JIACTUYHUM, 00 TpH
TEMIIEpaTypHUX PO3IIMPEHHSIX KOPITyCiB HE po3puBanaca riactuHa. Kieit He
MOBUHEH BUJUIATH Ta30Moi0HI pPEYOBHHH, B3aEMOJIIOUI 3 TMIIKIAJKOK 1
meraneBoto TumBkoro 3IIII nwa 1 mnoBepxni. Haibinpim npumaTHUM €
KpeMHiopraniuauii kommays KJIT-30.

[TpuenHyIOTBCSI TTPOBITHUKK 10 KOHTAKTHHUX ILIOMIAOK MiKPO3BAapPIOBAHHSIM.
TpyaHolll CTBOpEHHS MOAIOHOTO pOJY 3BAapEHUX 3'€lHaHb MOJATAlTh Y
HACTYITHOMY:

-MaJia TOBIIMHA METAJICBHX IIIIBOK, HAHECEHUX HA TCHIITHI I AKIaIKH;

-BEJIMKA PI3HUIIL B TOBIIMHAX €JIEMEHTIB, 110 3'€AHYIOThCS, (30JI0TI
npoBiAHUKY AilameTpoM 40 MkM 1 TutiBKkH TOBUIMHOO 0,2...0,5 MKM);

-BEJIMKE  PO3XOJDKEHHS Yy  (I3MYHUX BIIACTUBOCTAX  MarepiajiiB, IO
3BapIOIOTHCS.

OCHOBHUMH MPUYUHAMHU BUXOY 3 JIady B MPOIIECi eKCIuTyaTallii mpucTpoiB Ha

[TAX €:



-pyiHYBaHHS 1’ €30€ICKTPUYHOT T IKITAIKH;

-TIOPYIICHHS IUIICHOCTI €JIEMEHTIB KpIIUICHHS (HalJacTile 3BapeHHuX
3'€THaHb) Y1 BUHUKHEHHS B HUX 3aJIMINKOBHX Jedopmarriii;

-BUHUKHEHHS MEXaHIYHUX YIIKO/DKEHB i CTPYKTYPHHUX 3MiH y TIOBEPXHEBOMY

nrapi 3ByKOIpoBO/Ia.

BUCHOBKHA

[TpuBeneHa cxema TEXHOJIOTIYHOTO MPOILECY BUTOTOBJIEHHS JiHIT 3aTPUMKHU
Ha MOBEPXHEBUX AKYCTUYHMX XBWJISX, KM CKJIAIA€TbCA 3 TAKUX TEXHOJOTTYHHUX
IPOLIECIB:

1. MexaniyHa Ta XiMidHa OOpOOKa 3BYKOIPOBOAY € YK€ BaKIUBOIO
YaCTUHOIO TEXHOJIOTIYHOTO MPOLIECY BUTOTOBJIECHHS (DYHKIIOHAJBbHUX HPHUCTPOIB
Ha TIOBEPXHEBUX aKyCTHUYHHUX XBWIAX, OO HENOCTaTHbO SKICHE OYMILEHHS
OiAKIaJ0K 3BUYAHO NPU3BOJUTH /IO IOraHoi anare3ii MeTaneBoi IUIIBKH, a
MEXaHIYHl 3a0pyJHEHHS — JI0 NPOKOJIB y IUIBII, IO BEAyTh A0 OOpHUBIB
€JIEKTPO/IIB 3yCTPIYHO-IIITUPOBUX MIEPETBOPIOBAYIB.

2. ®opMyBaHHSI EJEKTPOJAHUX CTPYKTYp € OCHOBHOIO 1 HAMCKIIQJHILIIONO
Olepali€l0 MpU BHUTOTOBJICHHI (PYHKIIOHAJIBHUX MPUCTPOIB HA IOBEPXHEBHX
aKyCTUYHHMX XBUJISIX,. [IpoGiema peamizaiii xapakrepucTuk mpuctpoiB Ha [TAX
MOB’s13aHa 3 HAJIWHICTIO (PoTomiTOorpadiyHUX METOAIB, 110 3a0e3MeYyI0Th BUCOKY
pPO3AUTbHY 37aTHICTh, MIHIMAJIBHUNW PO3KUJ TMapaMeTpiB, TOUHICTh CIIOJYYECHHS,
BIJITBOPIOBAHICTh  CTPYKTyp. IIpuBeneHa  MOpIBHsUIBHA — XapaKTEPHUCTHUKA
dotopesuctiB PII-051MK Ta PII-383, kpamn pe3yabratd Oyiau OTpUMaHl MpU
po6oTi 3 poropesuctom DII-051MK. BusiBieHo 3a1€KHICTh YaCy €KCIIOHYBaHHS 1
TOYHOCTI Tepe/layl po3MipiB €JIEMEHTIB BiJl TEMIEPATYPH CYLIIHHSA. K MPOSBHUK,
nobpe 3apekomennyBaB cebe 0,5% pozuun nyry KOH npu T=22°, pH
po3uuni =12,84+0,01. BusBieHo 3alexHICTb dYacy TMposiIBY BII  4acy

CKCIIOHYBaHH.



3. AHani3 NpuYMH BUHUKHEHHS Ne(EKTIB MOKa3aB TICHUM B3a€MO3B’S30K 1
BITUB KOXKHOI MTONIEPETHBOI OTepallii Ha HaCTyIHY, Y Pe3yibTaTi 40TO MPUIHUHOIO
Opaky npu ¢GhopMyBaHHI CTPYKTYpHU Y BHSBIEHOMY Iapi (OTOPE3UCTy MOXKE
BUSIBUTUCS BIAXWJICHHS BiJ ONTHUMAIBHUX PEXHUMIB KOXHOI 3 TMONEPEIHIX

oreparii.



4. EKCIIEPUMEHTAJIbBHA YACTHUHA
4.1. MeToanka eKClIepUMEHTAJBHUX J0CJIiIKeHb JiHii 3aTPUMKH
HA OBEPXHEBUX AKYCTHYHHX XBHJISAX
Y tabmuui 4.1 mpeacTaBieHi OCHOBHI MapaMeTpU BHUMIPIOBAIbHOI
arlapaTypH, 110 BUKOPUCTOBYETBCS B IpOLECI BUMIpIOBaHHS mNapamerpiB JI3 Ha
[TAX. 3’ennanna npunamaie 1 JI3 Ha I[TAX 3ailCHIOETBCA 3a JOIMOMOIOIO
KOaKCiaJbHUX KaOeliB Ta KOaKClaIbHUX MEPEXO[iB, M0 BXOJATH Y KOMILIEKT

BUMIPIOBAJIbHUX TPHJIA]IIB.

Tao6sauus 4.1
[TapaMeTpu BUMIprOBaJIbHOI anlapaTypu
Ne HaiimenyBanHs Tun Texniuni OCHOBHI TeXHiYHI
n/m YMOBH napameTpu
1 [punag ms X1- 2.048.061 TO JHianazon wactot 0,1-150 MI'm
mociimkeHHsT AUX 48
2 BumiproBau wactotu q3- N22.721.032T Jiamazon yactot 0,1-120 MI'1g
34 O Hianazon Bxigaux nHampyr 0,1 -
1,5B
3 ITixcumroBau V3- Es12.723.031 JHiamazon yactoT 1,0 - 400 MI'g
UIMPOKOCMYTOBHIA 33 TO Koedoinient mincunenns — 20 nb
4 BumiproBau P4- I1101.400.087 MHiamazon gactor 1,0 -1250 MI'n
KOMILIEKCHHX 11 TO
KoedillieHTiB epenavi
5 I'enepatop curnamis I4- Ef13.262.000 Hianmazon gactor 25 -400 Ml
BHCOKOYaCTOTHUI 143 TO Buxinna nanpyra 0,1-1,0 B
6 Ocuunorpad Cl1- CK4.243.008 [iamazon 4yacoBUX iHTEpBaliB
JIBOITPOMEHEBUI 75 TO Bix8HCHmO0 1l C.
Bxigna mampyra Big 20 MB 1o
25B

Ha puc. 4.1. npencraBieHa CTpyKTypHa cXeMa YCTAaHOBKH JIJISL TOCIIKCHHS

AUYX Ta KOMIUIEKCHUX OMOPIB 3yCTPIYHO-IITUPOBUX MTEPETBOPIOBAYIB.
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Puc. 4.1.CTpyKkTypHa cXemMa YCTaHOBKH JJIs ocaigxennsa AYX Ta

KOMILJIEKCHUX OINOPIB 3yCTPiYHO-IITHPOBHX NePeTBOPIOBAYIB

Hnsa mocmmkenas AUX JI3 ma ITAX Bxigamii 3LIT migkmroyaeTbes mo
BUXOAYy mnpwiany s gociipkeHHs AYX X1-48, a suxiguuii 3IMIIT — no
HMIMPOKOCMYTOBOTO TifcuitoBadya ¥Y3-33, BHUXIJ SKOTO MIAKIIOYAETHCA O BXOAY
npunanxy X1-48. Yacrotomip U3-34 no3Bosisie BUMIPIOBATH YacTOTY BUXIAHOTO
curHaiy npunany X1-48 y 3agaHiit TouIll.

BumMiproBanHs KOMIUIEKCHUX OIOpiB BXigHoro 1 BuxigxHoro 3IIIT JI3 nHa
[TAX 3a1HCHIOETBCS 3a JOMOMOIOK0 BHMIPIOBaya KOMIUIEKCHUX KOE(DILIEHTIB
nepenaui  P4-11. KommexkcHuit  omip  po3paxoByeTbess 3a  (popMyrioro:
Z =12y (R + jX), ne Zo - XBWIbOBHIA OMip BUMiproBasibHOrO TpakTy (50 Om); R —
3HAUEHHS aKTUBHOI CKJIAJIOBOI OMOPY BHUIIPOMIHIOBAHHS, SIKE BHUPAXOBYETHCS IO
Kojly ctanux R Ha miarpami iMmenanciB; X — 3HAY€HHsI PEaKTUBHOI CKJIAJIOBOi
OIOPY BUIIPOMIHIOBAHHS, 110 BIJIPAXOBYETHCS 3a KPUBHUMH CTaIMX X Ha Jaiarpami
IMIT€JIaHCIB.

E€wmnicts 3IUIT po3paxoByerbes 3a popmynoro C, =1/27X . [Ipu upomy

noxuOKka BUMIPIOBaHHS TTOBHUX OMOPiB Z 1 BU3HaYeHHs! €MHOCTI1 C; HE BUXOIUTH 32
Mexi +5...10 % BiJ oiepKaHOTO pe3yabTary.
Ha puc. 4.2. npencrapieHa CTpyKTypHa cXeMa YCTaHOBKH JIJISl TOCTIIKEHHS

napameTtpis JI3 Ha [TAX.
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Puc.4.2. CTpykTypHa cxemMa yCTaHOBKH /sl 10C]TizkeHHs napaMertpis JI3 na ITAX



Jis  Bumipy dacy 3atpuMmkud Ha Bxig JI3 Ha IIAX moctrynaroTth
pamioiMimyibcu Bl TeHepaTopa [4-143, 3a pomomororo yactoromipa Y3-34
KOHTPOJTIOETHCST 9acTOTa, a 3a JOTIOMOTOI0 JBOMpoMeHeBoro ociuiorpada C1-75
BUMIPIOETHCS 3aTPUMKA BUCOKOYACTOTHOTO CUTHAIY.

ExcniepuMeHTanbH1 JOCHIKEHHST MPOBAAWINCh JJIi YOTHUPHOX 3pas3kiB JI3
Ha [TAX imeHtnyHOi KOHCTpYKIii. [Toxnbka BUMIipIOBaHHS BiTHOCHOI aMILTITYIU
Ipyd MaKCHUMaJlbHIA CMy31 3MIHM YacTOTH Ha ekpaHi mnpwianxy X1-48 He
nepesunrye +(0,4+0,1A), ne A — BimHOCHa aMIUTITYAa y Toulll BUMIipy ab, ajie He
outbiie 1,4 1b. YacToTa BUCOKOYACTOTHOTO CUTHATY BHUMIPIOETHCS €IEKTPOHHUM
gactoroMipoMm Y3-34 3 OCHOBHOIO BIJHOCHOIO IOXMOKOIO HE Oijblie
y=+7y+1/(f-t), e yo=+810" — ocHOBHa BimHOCHA MOXHMOKA YACTOTH

BHYTPIIIHLOTO KBapIOBOro reHeparopa; f — BumiproBana vactora B repmax; t. —

yac BIJUTIKY B CEKyHAaX.

4.2. Pe3yibTaTH eKCIEPUMEHTAJIBHUX JOCTIIKEeHb JIiHIi 3aTPUMKH HA
NMOBEPXHEBUX AKYCTHYHMX XBHJIAX

Pe3ynbTaT BUMIpIOBaHHS ~ KOMILJIEKCHMX OIOPIB 1 €MHOCTEM HaBeIeHl y
Tadymmi Ne 4.2,
Taoauus Ne 4.2

Pe3yabraTu BuMipoBanus ejekTpuunux napamerpis 3T JI3 na ITAX

Ne HaitmenyBanHus Kommnekcuuii omip Z, €muicts Cy,
3pasKy 3T Om n®d

1 Bxiguuii 550-j144 25,4
Buxinnuit 590-j 170 23,2

2 Bxiguuii 530- j 139 27,0
Buxinnuit 540-j 273 25,4

3 Bxiguuii 520-j 148 24,6
Buxinnuit 535- j 147 26,9

4 Bxiguuii 547- j142 25,7
Buxinnuit 558- j153 27,9




Pe3ynbratu excriepuMeHTaIbHUX AOCTIIKEHb eNEeKTPUUHUX napametpis JI3

Ha [TAX npencraieHo B Tabmuil 4.3.

Taoaunga 4.3
Pe3yabTaTn ekcniepuMeHTAIbHUX AOCHiKeHb mapaMerpiB JI3 na ITAX
Ne Lentpansa CMyra mporycKaHHS 3aTpuMK 3aranbpHi BTpaTH Ha
3pas3 a JactoTa Ha piBHi — 3 1b a HEHTPAIbHINH YacTOTI

Ky fo, MI'g Afs, MT'n T,, MKC B, nb

1 50,20 4,07 1,85 12,60

2 50,25 3,95 1,74 12,3

3 49,7 3,85 1,83 12,9

4 49,9 4,10 1,72 12,2

AHani3 pe3ynbTariB  EKCIEPUMEHTAIBHUX  JOCHIKEHb IOKa3ye, IO
napametpu JI3 Ha ITAX He BUXOAATH 32 MEX1 MPUIYCTUMHX BIIXUJIEHb, 3aJaHUX Y
T3, 1 BIOPI3HAIOTHCSA BIJ PO3pPaxXyHKOBHX He Ouibiie, HDXK Ha 5..10 %, mo
MIATBEPKYE TMPUJIATHICTh PO3POOJIEHOI METOMUKH JJisi PO3PAXyHKY JIHIN
3aTPUMKHU Ha MOBEPXHEBUX aKyCTUYHHUX XBHJIAX.
Po3paxyHOKk po3kuy mapameTpiB 3/1HCHIOBABCS 3a popMyJIaMu:
F = [(Kp — Ke) / K;]-100%,
ne K, — po3paxyHKOBE 3Ha4ECHHS ITapaMeTpa;
Ke=(Ki + Ky + ... +Kj+Kp) /N,
Kj — 3HaUeHHS eKCIIEPUMEHTAIBHO OJICPKAHOTO MapaMeTpa j-ro 3pasKy;

N — KiJIBKICTh 3pa3KiB.

BUCHOBKMH

1. Po3po0ieHO CTPYKTYpHI CXEMH YCTaHOBOK JJisi €KCIIEPUMEHTAJIBHOTO
nocmipkeHHss  mapamerpiB JI3 Ha IIAX 3a  10momMorow  CTaHAApTHOI
BUMIPIOBAJILHOI armapaTypH.

2.ExcniepuMeHTaNbHI JOCTIIKEHHS MPOBOAMINCS Ha YOTHPbOX 3pa3kax JI3 Ha
[TAX 11eHTUYHOI KOHCTPYKIIii, SIKI MarOTh 3aTPUMKY CHUTHaJIIB B Jlana3oHi
1,72...1,85 Mkc Ha neHtpanbHux 4vactorax 49,70..50,25 MI'n, mmpuHy cMyTH
nporyckanas Ha piBHi — 3 nb  3,85..4,10 MI'm Ta mpuBHECEeHI BTpaTH Ha
HeHTpaibHIM "actoTi 12,2...12,9 nab. 3HaueHHS €KCIEPUMEHTaIbHO OTPUMAaHMX
napameTpiB BIAPI3HAIOTBCSA BiA po3paxoBaHux He Ouibme  5..10 %, mio

NIATBEPKYE MPUIIATHICTh PO3PO0JIEHOT (PI3UKO-MaTEMAaTUYHOI MOEINI, METOANK



pO3paxyHKy Ta JOCHIDKEHHS MapaMeTpiB JiHINM 3aTPpUMKH Ha TOBEPXHEBHX
aKyCTUYHUX XBUJISIX.
BUCHOBKHA

1.IlpuBeneHa nopiBHsIIbHA XapaKTepUCTUKA (HYHKIIOHATBLHUX MIPUCTPOIB HA
MOBEPXHEBUX AaKyCTUYHUX XBWUJsAX. Jlana kiacugikaiiss JiHIA 3aTpUMKU  Ta
JeTaJIbHO PO3IIISIHYT1 HAHO1IBII XapaKTepHI KOHCTPYKTUBHI peaizarlii.

2.Po3pobiera TomoJoris Ta I0CiipKeHa MmaTeMaTtndHa Mozenb JI3 Ha TTAX
Ha OCHOBI (I3MYHOI MOJIEeNl JUCKPETHUX JDKEpesl CUTHAJIB, sSKa J03BOJIMJIA
po3paxyBaTd aMIUIITyIHO-4aCTOTHY Ta (a304acTOTHY XapaKTePUCTUKHU JIHII
3aTpUMKA. Ha OCHOBI METOAMKM 1HXKEHEPHOTO pPO3paxyHKYy BH3HAYEHO
KOHCTPYKTHBHI Ta akyctoeiekTpuuHi mnapametpu JI3 wHa IIAX, po3pobieHo
KPECJICHHS eKCIIEPUMEHTAIILHOTO 3pa3Ka.

3. Texnonoriunuii mnpouec BurotoBieHHs JI3 Ha ITAX cknagaetbes 3
MEXaHIYHOI Ta XIMIYHOI OOpOOKM 3BYKONPOBOAY, (POPMYBaHHS €IEKTPOJIHUX
CTpyKTyp. MexaHiuHa Ta XiMiyHa OOpoOKa € JyXe€ BaXJIMBOK YACTHHOIO
TEXHOJIOTTYHOTO MPOIIECY BUTOTOBIECHHS (PyHKITIOHAIBHUX NpucTpoiB Ha [TAX, 60
HEJIOCTATHbO SKICHE OYMINEHHS IIIKIAJ0K IPU3BOJWTH 10 IOraHoi anaresii
MeTaseBol IUIIBKK, & MEXaHIYH1 3a0pyJHEHHSI — 10 MPOKOJIIB Y MBI, IO BEAYTh
0 OOpHBIB €NEKTPOMAIB 3YCTPIUHO-IITHPOBUX TepeTBOproBadiB. DopMyBaHHS
CICKTPOAHUX CTPYKTYP € OCHOBHOIO 1 HAWCKJIAQIHIIIOW OIEpaliclo Mpu
BUTOTOBIICHHI (yHKIIOHANBHUX mpuctpoiB Ha [IAX. IlpoGnema peamizarii
xapakTepucTuK mpucTpoiB Ha [TAX moB’s3ana 3 HaAiHICTIO QoTomTorpadiaHmx
METOIB, 10 3a0e3MeuyI0Th BUCOKY PO3JUIbHY 31aTHICTh, MIHIMAJIbHUM PO3KU]L
KOHCTPYKTHUBHHUX MapaMeTpIB.

[IpuBenena nopiBHsUIbHA Xapaktepuctuka (oropesuctie PII-051MK Ta
®I1-383, kpamii pe3ynbratu Oyiau OoTpuMadi mpu poOoTi 3 ¢doTtopesuctom DII-
051MK. BusiBneHo 3aneXHICTh 4aCy €KCIIOHYBAHHS 1 TOYHOCTI Mepeadi po3MipiB
€JIEMEHTIB BiJl TEMIEPATYPH CYIIIHHS. SIK TPOSABHUK, 10OpEe 3apeKOMEHIyBaB cede

0,5% po3uun nyry KOH npu T=22°, pH po3uuni =12,84+0,01.



4. Po3po0sieHO CTPYKTYypHI CXE€MH YCTaHOBOK JIJISi €KCIIEPUMEHTAIBHOTO
TOCIIJKEHHsT TapameTpiB  JI3 Ha [TAX 3a Jg0omomMorow cTaHAapTHOI
BUMIPIOBaJIbHOI amapaTypu. ExcriepuMeHTanbH1 AOCTIIKEHHsI MPOBEIAEHO Ha 4-X
3pa3Kax 1JIEHTUYHOI KOHCTPYKIIii, SIKIi MarlOTh 3aTPUMKY CHUTHAJIIB B Jl1ara3oHi
1,72...1,85 MKc Ha ueHTpaibHuUX 4dactoTax 49,70...50,25 MI'u, mmpuHy CMyru
nponyckanHs Ha piBHi — 3 n1b  3,85..4,10 MI'nm Ta mpuBHECEHI BTpaTH Ha
HeHTpaibHii vactori 12,2...12,9 nb. 3HaueHHs eKcepUMEHTATBFHO OTPUMAHUX
napameTpiB BIAPI3HAIOTBCSA BiA po3paxoBaHux He Oubme  5..10 %, mo
HOIATBEP/UKYE MPHUAATHICTE  PoO3pobsieHoi  (I3MKO-MAaTeMaTH4YHOI MOJeNl Ta

METOIMKH po3paxyHKy JI3 Ha [TAX.



