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CraTbhst IOCBSIIIEHA PEMICHHUIO MTPOOJIEMBI TIOBBIMIEHHUS (P (HEKTUBHOCTH pabOTHI
yIBTPa3BYKOBBIX ~ TEXHOJIOTMYECKMX  amlaparoB 3a CYET  ONTHUMM3AlUU
AIEKTPUYECKOTO COIJIACOBAHUS 3JIEKTPOHHBIX TI'E€HEPATOPOB M YJIbTPa3BYKOBBIX
KonebaTenbHbIX CHCTEM TPpd  BCEX BO3MOXKHBIX  M3MEHEHHUSX  CBOWCTB
o0OpabaTbIBaeéMbIX CpeJ M IMapaMeTpOB TEXHOJIOIMUYECKUX IpoleccoB. B craThe
MIPEJCTABICHbl PE3yJbTaThl HCCIENOBaHMHA IO CO3JaHHI0 HOBOTrO croco0a
aBTOMATUYECKOTO YCTAHOBJCHHS U TMOAJEPKAHUA PpPEXUMa ONTHUMAIBHOTO
JIEKTPUUYECKOro cornacoBaHus. IIpemioskeHHBI croco0 M €ero mnpakTHYecKas
peanu3anysi MO3BOJSIIOT TONXYYHTh 3((EKTUBHOE YIBTPAa3BYKOBOE BO3JICHCTBHE
IpU JTIOOBIX U3MEHEHUSX MapaMeTpoB 00pabaThIBa€MBIX CpeJl B XOJA€ peaau3aluu
TEXHOJIOTUYECKUX ITPOLIECCOB.

BBEJEHUE

B nocnenHue rompl B NPOMBINUIEHHOCTH M MEAMIMHE Bce 0Oojiee HIMPOKOE
pacmpocTpaHeHHe TOIYyYaloT YIbTPa3BYKOBBIE METO/BI BO3ACHUCTBUS W HMHTCHCH(DUKALIUU
Pa3IUYHBIX TEXHOJIOIMUECKUX IPOLIECCOB.

Jis  ocymiecTBIeHHsT — BO3JIEHCTBHSA — YJIBTPa3BYKOBBIMH  KOJICOAHUSIMH  BBICOKOM
MHTEHCUBHOCTH Ha oOpalaThIBaeMble Cpe/ibl HCIOJb3YIOTCS CIEIHalbHbIE YCTPOWCTBA —
yJIbTpa3ByKoBble TexHonorudeckue annaparbl (Y3TA). YiapTpa3BykoBol TEXHOJIOTMUYECKUN
amnmapar COCTOMT U3 TEXHOJIOTHYECKOro o0beMa (WIM TEXHOJIOTMYECKOW OCHACTKH),
yIbTpa3BykoBO# konebarenpHOU cuctembl (Y3KC), ocymecTustomel mpeoOpa3oBaHue
AIIEKTPUYECKUX KOJICOaHUH yIbTPa3ByKOBOM YacTOTHI B YIIPyrHe MeXaHHUECKUe KojeOaHMs,
uxX TpaHcopmamuio U BBOA B 00pabaThiBaeMyl0 CpeAay M 3JEKTPOHHOIO TeHepaTopa,
OCYILECTBIISIIOLIETO  NMPeoOpa3oBaHME HHEPTUM  DIEKTPUYECKOH CeTH B DHEPTHUIO
AIIEKTPUYECKUX KOJIEeOaHUH YIbTPa3BYKOBOM YACTOTHI, NPEIHA3HAYCHHOTO MJIsi MUTAHUSA
Y3KC[1, 2].

[IpuMeHeHHEe COBPEMEHHOM 5SJeMEHTHOW ©0a3bl M HOBBIX TEXHUYECKUX pEIICHUH
MO3BOJIWJIM CYIIECTBEHHO YJIYyYIIUTh TEXHUYECKHE U HKCIUIyaTallMOHHBIE XapaKTEPUCTUKHU

yIBTPa3BYKOBBIX TEXHOJIOTHYECKHX amnmaparoB. B Toxxe BpeMs ONBIT pPa3pabOTKH H
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AKCIUTyaTalliu yIbTPa3BYKOBOW TEXHUKH TOKa3bIBaeT, uTo 3(h(PexkTuBHOCTH paborel Y3TA
OKa3bIBACTCSl CYIIECTBEHHO HIDKE UX IMOTEHIIMAIbHOW BO3MOXXHOCTH, OCOOEHHO B Cilyyae
00paboTKH CpeJl ¢ MUPOKUM JTHATa30HOM U3MEHEHHUS IMapaMeTpOB.

B cBsi3u c 3TUM BO3HUKIA HEOOXOIUMOCTb B BBISBICHUM MPUUMH CHIKEHUS
s dextuBHOCTH paboThl Y3TA 1 moucke crnocoda ycTpaHeHHUs ITUX MPUIHH.

1. OCOBEHHOCTHU COBPEMEHHLIX VJIbTPA3ZBYKOBLBIX TEXHOJIOITMHECKHUX

ATIITAPATOB

AHanu3 JMUTEpaTypHBIX W NATEHTHBIX MCTOYHUKOB IIO3BOJWJI YCTaHOBHUTh, 4YTO
3HauMTenbHass 4yacth Y3TA, paspabareiBaembix B Poccum u 3a pyOexom, CTpOUTCS IO
TUIIOBOM  CXEME — PE30HAHCHAas IbE30NIEKTpUYecKass KoseOaTenbHas CHCTEMaA
BOJIHOBOJIHOTO ~ THUMA, NHUTaeMas OT TPAH3UCTOPHOTO  BJIEKTPOHHOTO  IeHepaTopa,
paboTarouiero B KiIO4YeBOM pexume. Kak mpaBuiio, 3J€KTPOHHBIN IeHepaTop COACPKUT JIBE
OCHOBHBIE CHCTEMbl AaBTOMAaTH3allMU: CHUCTEMY aBTOMNOJCTPOMKM BBIXOJAHON YacCTOTHI U
CHUCTEMY CTaOMJIM3aIIUU BBIXOJHOW MOLTHOCTH [2, 3].

[[upokoe MpUMEHEHHE MBE30IEKTPUUECKUX MTPeoOpa3oBaTeseii Npu NOCTPOEHUH HOBBIX
TUIIOB KOJICOATEIBHBIX CHCTEM 00ECHeumIo K.ILJ. JIEKTPOaKyCTHYECKOTO MPeoOpa3oBaHUs
1o 80% [4].

TpaH3ucTopHble TeHepaTopbl, paloTalliue B  KIIOUYEBOM pPEXKHUME, TaK Ke
XapaKTEepPU3YIOTCS BBICOKUM K.I.JA. — 92-97% (TeopeTHyecku MOCTUKUMBIA — TIOUYTH
100%).

O4eBUIHO, YTO TEOPETHUYECKH JOCTHKUMBIM OOIMMH K.I.J. MpeoOpa3oBaHUs SHEPTUU B
YIBTPa3ByKOBOM TEXHOJIOTHYECKOM armapare coctasisier npumepHo 100-(0,95-0,8)=76 %.
Ho Ha mnpaktuke »53T0 He peanusyercs, OCOOEHHO B YCIOBHAX, KOIJa CBOMCTBa
00pabaTbIBaeMbIX Cpell B TEXHOJIOTHYECKOM IPOLIECCEe HETIPEPHIBHO U3MEHSIOTCS. OYeBHIIHO,
YTO TPUYMHONW CHIDKEHHS OOIIero K.IL.J. YJIbTPa3BYKOBBIX TEXHOJIOTHYECKUX AaInapaTroB
ABJIIETCS HEMOJHAs Meperaya dHEepPruu oT 3JeKTpoHHoro reHeparopa k Y3KC, To ecth He
BBITOJIHSETCS YCIOBHUE ONTUMAIbHOIO aKyCTHUYECKOIO U 3JIEKTPUYECKOI0 COrIacOBaHUSI.

[lon onTUManbHBIM aKyCTHYECKMM COIJIACOBAHUEM IOHUMAETCS TAKOW  PEXUM
B3aMMO/ICHCTBHUS YIBTPa3BYKOBOH KOJIEOATEIBHOM CHCTEMBI C 00pabaThiBaeMOi Cpenoi, mpu
KOTOPOM 3HA4Y€HHE €€ aKyCTHUYECKOTO HMMIIEIaHCa SABISETCS ACHCTBUTEIBLHOM BEIUYMHON
[1,4,5]. OueBugHO, YTO MJIS BBHIMIOJHCHHUS YCJIOBUSI aKyCTHYECKOTO COTJaCOBaHUS
yIIBTPa3BYKOBOW KoOJIOATENbHON CHCTEMBI C o00OpabaThiBaeMOW Cpeqod JOCTaTOYHO
o0ecreynTh pPaBEHCTBO YACTOThl €€ MEXAaHMYECKOI'O0 PE30HaHCa WU YacTOThl IMUTAIOLIETO
HaNpsKEHUs.

[Ton »yEeKTpUYECKUM COIJIACOBAaHMEM 3JIEKTPOHHOIO TIeHepaTopa (paboTaromero B
KJIFOUEBOM PEKHUME) M yIBTPA3BYKOBOM KOJIEOATEIHHOM CUCTEMBI TOHUMAETCS TAKON PEXKUM
WX B3aUMOJICHCTBUSI, P KOTOPOM BBITIOJIHSIOTCS CIAEAYIOIINE YCIOoBH [2, 6, 7]:

1. Tok, mpoTeKaromui uepe3 YIbTPa3BYKOBYIO KOJIEOATEIbHYIO CHUCTEMY, SIBISICTCS

rapMOHHYECKUM,

2. llepexitoueHue BBIXOHBIX TPAH3UCTOPOB IT'€HEpPATOpa MPOUCXOIUT MPU HYJIEBOM TOKE,

3. KoadduumeHTt MouHOCTH HArpy3KU reHepaTopa paBeH eAUHHUIIE.
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BrinonHeHne nepeyrcieHHbIX YCIOBHIM MO3BOJISET NepeaBaTh IHEPTHIO OT SJIEKTPOHHOTO
redeparopa k Y3KC ¢ HauMeHbmmMu moTepsiMu. Kak W3BECTHO, MbE303JIEKTpUUYECKas
KoneOaTesNbHass CHCTEMa TPU  HEMOCPEACTBEHHOM TMOJKIIOYEHUH K AJIEKTPOHHOMY
reHepaTopy TaKOMy YCJOBHMIO HE YIOBJETBOpsAET. DTO 00yciaBiIMBaeT HEOOXOAMMOCTh
BKJIIOUCHHMSI MEXY BBIXOJIOM 3JIEKTPOHHOro reHeparopa u BxoaoM Y3KC crnenuanbHbIX
Heneil 3JeKTPUYECKOrO COIJIACOBAaHUS, KOTOpPbIE TPEACTABIAIOT COOONH peaKTUBHbBIE
YETBIPEXMOJIIOCHUKH [ 1, 6].

B ycnoBusx wu3MeHeHus mapamMeTpoB oOpalaThIBa€MbIX Cpell U HAJIUYUS APYTUX
JEeCTaOMIM3UPYIONUX (DAKTOPOB, PEIKUMBI AKYCTHIECKOTO M AJICKTPHUECKOTO COTJIACOBAHUS B
npouecce padbotel Y3TA wusmensitorcs. CrnegoBaTeNbHO, I MOANEPKAHUS ONTUMAIIBHBIX
PEXKUMOB COTJIACOBaHUSI TPEOYETCSl aBTOMAaTUYECKOE PETYIUPOBAHNE HEKOTOPHIX TTApaMETPOB
YIBTPa3ByKOBOT'O TEXHOJOTHUECKOTO afmapara.

[Tpobnemy onTUMHU3AIMK AKYCTHYECKOTO COTJIACOBAHMS YJIBTPA3BYKOBOH KOJIEOATEIbHOM
CUCTEMBI C 00pabaThIBaeMOW Cpeloil B YCIOBUSAX HM3MCHCHHS IapaMeTPOB ITOCICTHEH
pELIalOT aBTOMATHYECKOW MOJACTPOMKH BBIXOJHOM YacTOThI F€HEpaTopa B COOTBETCTBUU CO
BCEMH BO3MOXHBIMH U3MEHEHHUSMH YaCTOTHI KOJIEOATEIIbHOM CUCTEMBI [2, 8].

Bonee crnoxHOM sABiISeTCS MpoOJieMa 3IEKTPUYECKOTO COTJIACOBaHMS, IMOCKOJBKY 0
HACTOSIIIIETO BPEMEHU OTCYTCTBYIOT MPAKTUYECKHUE CIOCOOBI M CPEACTBa ISl pealin3ariiu
ABTOMATHYECKOTO  YMPABICHUS  LEMbIO0  3JEKTPUYECKOro  corjacoBanus. [loatomy,
MPaKTUYECKH BCE U3BECTHBIE KOHCTpYKHMH Y3TA  OCHam@awTcs TOJIBKO LEMSIMHU
JIEKTPUYECKOTO COTJIACOBAHUS, IMapaMETPhl KOTOPHIX (UKCHPOBAHBI M TOM00paHBI TaKUM
o0pa3oMm, YTOOBI 00ECTeYUTh MaKCHUMaJbHYI0 3(P(PEKTHBHOCTH pPabOTBHI TOJBKO B OJHOM
TEXHOJIOTHYECKOM PEKHUME B Y3KOM JTHATIA30HE M3MEHEHHS CBOMCTB 00padaThIBAEMOM CPE/Ibl.
B cnydae u3meHeHUs1 CBOMCTB Cpe/bl M MapaMeTPOB TEXHOJIOTHYECKOTO Ipoliecca B Oosiee
IIMPOKOM JTMATIa30HE ONTUMAIBHOTO 3JIEKTPUUECKOTO COTJIACOBAHMSI IOCTUYD HE YAETCHI.

[TocnenctBust pabOTHl  YJABTPa3BYKOBOTO TEXHOJOTHYECKOTO ammaparta B PEXKHUME
HEONTUMAIBHOTO JIEKTPUUECKOTO COTJIACOBAHMSI 3aKIIIOUAIOTCS B CIICAYIOIIEM.

1. CHuxenne ko3(p@uIMeHTa MOIHOCTH HEN30€XKHO MPUBOJIUT M K CHIDKEHUIO K.II.JI.
amnmapara, MOCKOJbKY ISl TTOJIEp KaHMs 3aIaHHOTO 3HAYEHUS BBIXOTHON MOIIIHOCTH
MIPUXOUTCS YBEITMYMBATH 3HAUCHUE HAIIPSKEHUS MUTAHKS BBIXOJHOTO KacKaja Win
3HAYEHHUE BBIXOJTHOTO TOKA. ITO TPeOyET MOMOTHUTEIBHBIX 3aTPAT YHCPTHH.

2. PaGota B pexume NEPEeKITIOYEHUS TPAH3UCTOPOB IPU HEHYJIEBOM TOKE TaKkKe
00ycnaBIMBaeT CHWIKEHUE K.ILJ., MOCKOJbKY OCHOBHBIE NMOTEPH B TPAH3UCTOPAX
MIPOUCXOAAT UMEHHO B MOMEHT MEPEKIIIOUCHHUS.

3. [lepexmtoueHre TPaH3UCTOPOB C Pa3pbIBOM TOKAa HEU30EKHO TMPUBOIUT K
BO3HHKHOBEHUIO  TEPEXOJHBIX  IMPOIECCOB, OOYCJOBJICHHBIX  MMapa3UTHBIMU
E€MKOCTSMH W MHIYKTHBHOCTSIMU B BBIXOJIHBIX IEMAX. DTH MEPEXOTHBIC MPOIIECCHI
Takke OOYyCIIaBIMBAIOT MOTEPH SHEPTUU W SBJISIOTCS TPUYUHONW BO3HUKHOBEHUS
AJIEKTPOMATHUTHBIX TTOMEX, a TaKK€ BBHIOPOCOB HAMPSKEHUSI, CIOCOOHBIX BBIBECTH

N3 CTPOA BBIXOJHBIC TPAH3HUCTOPLI.
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[Torepu »SHEPTrMM B BBIXOJHBIX TPAH3UCTOpPAX, OOYCIOBJICHHBIC JIEKTPUYCCKHM
paccorijacoBaHHEM, yXyANIAIOT SKOHOMHUYHOCTH  YJIBTPAa3BYKOBBIX  TEXHOJOTHYECKUX
anmapaToB M YBEIHYMBAIOT TEIUIOBYIO HArpy3Ky Ha BBIXOJHOW KacKaa. DTO MPUBOIUT K
HEOOXOIMMOCTH HAJIMUMS 3araca 1o pacCerBaeMOi MOITHOCTH TPAH3UCTOPOB, U, B KOHCUHOM
UTOTC, K YBEIUYCHUIO Ta0apUTHBIX pPa3MEpPOB, MacChl M CTOUMOCTH D3JIEKTPOHHBIX
TeHEePaTOPOB M yXY/IIICHUIO IPYTHX SKCILTYyaTAIIHOHHBIX XapaKTCPUCTHK.

[Tpobnema oNTHMHU3AUU DIEKTPUYSCKOTO COTJIACOBAHUS TPH WM3MEHEHHH CBOMCTB
oOpabaThIBa€MBIX Cpell  CYIIECTBEHHO OTpPaHWYMBACT JUANa3oH  (PYHKIIMOHAIBHBIX
IIPUMEHEHUH YJIBTPa3BYKOBBIX TEXHOJIOIMYECKUX AIIAPATOB.

VYuutbiBas BbIIIENIEPEUHUCICHHBIE OOCTOSTENBCTBA, MpoOsieMa CO3JaHusl CHOCOOOB
ONITUMH3AIMH AJIEKTPHUECKOTO COTIACOBAHMS 3JIEKTPOHHOTO T€HEpaTopa U yJIbTPa3ByKOBOU
KOJICOATETHPHON CUCTEMBI CYMTACTCS aKTyalIbHOM.

2. OCOBEHHOCTH YJIbTPA3BYKOBOI KOJIEFATEJIbHOM CUCTEMBI KAK
RJIEKTPUYECKOU HATPY3KU U EE COI'TTACOBAHHU S C DJIEKTPOHHBIM
I'EHEPATOPOM

2.1. DJkBHBaJIeHTHAas cXxeMa 3aMellleHUs YJbTPAa3BYKOBOIM K0J1e0aTe/IbHOI CHCTEMBbI

Jlst ycTaHOBIIEHUST B3aMMOCBSI3U MEX/y CBOMCTBaMH 00padaThiBaéMOi Cpelibl M BXOJHBIM
anekTpudeckuM compotuBieHneM Y3KC wucmonb3yercs METON 3IIEKTPOMEXaHUYECKHX
aQHAJIOTH, TpeMIoKeHHbIH Y. M»a3oHoM [9]. DTOT MeTroA TMO3BONSIET MPEICTaBUTh
MEXaHUYECKUE BEIMYUHBI UX AJIEKTPUUECKUMU dKBUBajeHTaMUu U paccmaTpuBath Y3KC kak
ANEKTPUUYECKYIO HATPY3KY.

B otom ciywae mbe3odnekTpuueckas —YJIbTpa3ByKoBas —KosiebaTelbHas —cHUCTeMa
MPEJICTaBISIeTCS YKBUBAJICHTHON 3JIEKTPUUYECKOM CXeMOM 3aMellleHusl, TO3BOISIONICH CBsI3aTh
€e aKyCTHUYeCKHEe W dJIeKTpuueckue mnapamerpsl. OJUH U3 BapUAHTOB TaKOW 3KBUBAJICHTHOMN
CXEMBI TPEeJICTaBIIeH Ha puc. 1.

\Aekmpueckas ||
. lemfs || Mexawreckos bembe
. | .

Puc. 1. DxBuBanenTHasn cxema 3amereuns Y3KC

B oskBuBaneHTHO# cxeme 3amemenus C, m R 1 — YHCTO DIIEKTPUYECKUC BEIMYHHBI

(«d7eKTpUYECKast BETBbY ), MPEACTABIISAIONINE COOOH COOCTBEHHYIO AIEKTPHUUECKYIO EMKOCTh U
COIIPOTHBIIEHUE TIOTEPh MHE30IEKTPHUYECKOTO MpeodpazoBarens. BennuuHbl, BXOASIIUE B
«MEXaHWYECKYI0 BETBb» — JJICKTPHUECKUE SKBUBAJICHTHI MEXaHHMUECKUX (aKyCTHYECKHUX )

BesiunH. MHAykTMBHOCTh L, »5KBUBalleHTHa KoaeOmomeiics macce Y3KC, emkocts Cp
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’KBUBaJIEHTHa ruOkocTu Matepuana ¥Y3KC, conporusnenue R; 3KBUBAJIEHTHO BHYTPEHHEMY
TpeHuto B Matepuase Y3KC. MHAOyKTMBHOCTE L-p SKBHBAJICHTHA CoOKojeOmoLeica c
U3JIy4aTeleM Macce ydacTKa cpelpl, a €MKOCTb Cp, COOTBETCTBEHHO, SKBHMBAJICHTHA
ruOkoctu 3Toro ywactka. ComnpoTuBieHHE R.p XapakTepuszyeT O€3BO3BpATHBIE IMOTEPH

’HEPruu B 00pabaTeIBaeMoii cpese.

Onexkrpuueckue napameTpsl Ly, Cp U R; NPaKTUYECKH HE MOJBEPKEHbI H3MEHEHUSM B
npouecce padorel Y3TA. 3naueHue anekTpudeckoil eMkocTd C,, HbE30AIEKTPUUECKOrO
npeoOpa3oBarensi TpH HU3MEHEHWH ero Temmeparypel B mpormecce oT 20°C mo 150°C
yBenuuuBaercs B 1,5...2 pasa.

Haubonee cymecTBeHHBIM W JAMHAMUYHBIM HM3MEHEHHSM B Tiporiecce padotel Y3TA
HOJIBEPKEHBI TapaMeTphl, oTpeaessieMble 00padbaThiBaeMo Cpeon.

[Mpunaumas, uto s xugkux cpen Cgp — 0, yacTtora (LMKIMYECKas) pe30HaHCa

«MEeXaHU4YeCcKoi BeTBU» HarpykeHHoi Y3KC onpenensieTcs: BoIpaKeHHEM

1
w_\/CK'(LK"'LCP). M

COHpOTI/IBJ'ICHI/IC «MEXaHWYECKOM BETBH» HA YaCTOTE MEXaHHUECKOI'O PE30HaHCa ABJISACTCA

YUCTO AKTHBHBIM M PABHO
Ry = Ry +Rep. ()
Cumuras, 4to R, >>1/wC,, BX0OJHOE KOMILUIEKCHOE JIeKTpudeckoe conporusieHue ¥Y3KC

Ha 9aCTOTE Pe30HAHCA «MEXaHUUECKON BETBU» OMPEACISICTCS BEIPAKEHHEM
Zpy = Ry /(14 joC5R,, ), 3)
rae j — MHUMas CMHHLA.

W3 npencraBieHHBIX 3aBUCHMOCTEH MOXKHO CAEIATh CICIYIONINE BHIBOIBI.

1.  Ha yacToTe MEXaHUUYECKOTO Pe30HaHCa (YTO COOTBETCTBYET PEIKHMY ONTHMAIBHOTO
aKyCTHYECKOTO COIJIACOBaHMS) YJBTPAa3BYKOBas KojieOaTeJbHAs CHCTEMa MOXKET
paccMaTpuBaThCs Kak KOMIUICKCHAs JJIEKTpUYECKash Harpy3ka, oOpa3oBaHHas
napajuleIbHbIM BKJIFOUYCHUEM aKTUBHOTO CONPOTHBIICHUS «MEXaHWYECKOW BETBH» U
€MKOCTHOTO COMPOTHUBIICHHS «3JIEKTPUICCKOMN BETBI.

2. Tlapamerpbl «MEXaHUYECKOW BETBH», B YACTHOCTH PE30HAHCHASI YaCTOTA U aKTHBHOE
CONPOTUBIICHHE,  IOJABEP)KEHbl  M3MEHEHUSM  TPU  U3MCHEHHH  CBOICTB
oOpabaThIBacMOil Cpelbl, a €MKOCTHOE CONPOTHBICHUE <«AJIEKTPUYCCKOW BETBH»
MOJIBEP)KEHO W3MECHEHHSM NpPU HM3MEHEHHH TEMIepaTypbl MbE303JICKTPUIECKOTO
npeoOpa3oBaTes.

B cBsa3u ¢ 3THM HEOOXOAMMO HCCIENOBaTh IMPOIECC 3JICKTPHYESCKOTO COTJIACOBAHMS

3NIEKTPOHHBIX TeHepaTtopoB U Y3KC, BBIBUTH MPOOIEMBI M HAUTH MY TH PEIICHUS POOIEM.

B. H. Xmenes, WN. N. CaBuH
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2.2, lenu 31eKTPUYECKOT0 COrJIACOBAHUS

B ynbpTpa3ByKOBOM TEXHOJIOTHYECKON anmapaType B HACTOSIIEE BPEMsSI UCIIOIB3YIOTCS 1B
Tana uene snekrpudeckoro cornacoBanus (IIDC). Ilemp mnepBoro tuma (puc. 2a)
nmpeacTaBisieT co0Ol  OAMHOYHBIM  KojebarenbHbI KOHTYp, Tae Harpyska (Y3KC)
BKJTFOYAETCS MapauieIbHO KoHAeHcaTopy. Llenb BToporo tumna (puc. 20) mpenctaBisieT co0oit
JIBa CBS3HBIX KOJIEOATEIbHBIX KOHTYpa, OAWH M3 KOTOPBIX SIBISIETCSA IOCJIEOBATEIbHBIM,
apyroi — mapamenbHbiM.  Y3KC  Bkitouaercss B Ielb  NUTaHUS IApauIebHOTO
K0J1e0aTeIbHOTO KOHTYpa.

L1 Ll

|_er P R ’_rv_v-\_n_l G
r - J-» r | /2 L _L R
{don (3 —I?ﬁ"ﬂf? —FJ
y 5

Puc. 2. DxBuBaneHTHBIE CXEMBI IIETIEH JIEKTPUUECKOTO COTJIACOBAHMUS:
a — [enb MepBOro THMa, O — Ienb BTOPOTo TUMA

HpI/I HUCIIOJIBb30BaHNHN H9C NEpBOTO THUIIA KOMINICKCHOC COIPOTUBJIICHHUEC HArpy3KU
reéHeparopa 1pu yCJIOBHUU PE30HAHCA «MEXaHMYECKON BETBU) OIPCACIIAICTCS BhIPAKCHUEM

2
_ Ry . Ry G,

iR TN T R, ) @

rie C,=C,+C 011 > C son — EMKOCTb JIOTIOJIHUTENIBHOTO KOHJICHCATOPA, BKIFOYAEMOTO

napaieNIbHO MbE303JEKTPUUIECKOMY IIPeoOpa30BaTelio.
ITpu 3TOM pEXUM ONTUMAIBHOTO JIEKTPUUECKOTO COIVIACOBAHUS OIPENEISAETCS YCIOBUEM

2
__ RyG 5
L L W2C2RE (5)
T G,y Ky,
IIpu wucnons3oBanun I[OC mnepBoro TuUma KOMILJIEKCHOE CONPOTHUBIEHUE HArPy3KU
reHeparopa IIpH yCJIO0BUHU PE30HAHCA «MEXAHUYECKOU BETBU» OIPEAECISACTCA BBIPAKECHUEM

2 2
[ @ —w;
2 2 2 pZRM
PRy ; @ — o it
Zn = 2 + .] pl - 2 s (6)
a)z _ 0)2 a)a)l a)z _ a)z
2 R2 h 2 + R2 2
Py T Ry Py TGy,
W, 0w,
rne P =+/L,/C; — XapakTepUCTHUECKOE CONPOTHUBIICHUE NTOCIEI0BATEILHOTO KOHTYPa,
w, =1/./L,C;, — pe3oHaHCHAas 4acTOTa [1OCIIEI0BATEIbHOIO KOHTYpa,

P, =+/L, / C, — XapaKkTepucTH4ecKoe CONPOTUBIICHHE apaJUICIbHOTO KOHTYPA,

w, =1/./L,C, — pe30oHaHCHas 4acTOTa NapajjIeIbHOTO KOHTYpA.

B. H. Xmenes, WN. N. CaBuH
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[Tpu 3TOM peKUM ONTHMAIBLHOTO JICKTPHUECKOTO COTVIACOBAHUS OIPEACIACTCS YCIOBUEM
O=0 =0,. (7)

Jist  ompeneneHus HEOOXOMUMBIX JHMAMA30HOB TIEPECTPOHKH yAOOHO UCIOIB30BaTh
3HaueHue (Pa3oBOro yria ¢ MeXAy TOKOM M HamlpsHKEHHEM Ha BBIXOJIE T€HepaTopa WU

CBA3aHHOC C HUM 3HAQUYCHUC KO3(1)(1)I/II_II/ICHT3 MOIMHOCTHU HAIr'py3KH, paBHOC COS @ .

3HayeHue (Ha30BOr0 yria MeXIy TOKOM M HanpsHKeHHEM Ha BBIXOZE TeHepaTopa
PacCYUTBIBAETCS KAK
Im(Z,)

=arctg ——~ .
P Re(z,) ®)

M3MeHeHHs mapaMeTpoB YJIbTPa3BYKOBOH KojeOaTeNbHONW CHCTEMBbl, OOYCJIOBJIECHHBIE
U3MEHEHHEM CBOMCTB 00palOaTbhIBaeMON Cpelbl, BbI3BIBAIOT H3MEHEHHE COOTHOLICHUS
JeMCTBUTENILHOW YU MHUMOW 4YacTel CONPOTUBIIEHUS HArpy3Kd 3JIEKTPOHHOIO IreHepaTopa U
BIMAIOT Ha PEXKUM 3JIEKTPUUECKOro coryiacoBanus. Jlamee paccMOTpeHbl OCOOEHHOCTH
paboThl 3NEKTPOHHOIO TeHeparopa B YyCIOBHAX dkciuryatauun Y3TA B pexume
HECOIJIaCOBaHHON HArpy3KH.

2.3. Pa0oTa 3JIeKTPOHHOI'0 FreHepaTOPa B YCJIOBHSAX HECOIJIACOBAHHOM HATPY3KH

B oOmem cinyyae MOIIHOCTH MOTEPh Ha BHYTPEHHEM CONPOTHBIEHHM TIeHepaTopa
omnpexnensercs kak P, =P, ., /((l—n)COS(p), rane Py, p — MOIIHOCTb, OTJaBaecMasi B
Harpysky, 77 — K.IL.J. TeHeparopa.

[TpuMeHHUTENBHO K KIIIOUEBBIM I'€HepaTopaM, pabOoTaoNIMM Ha KOMIUIEKCHYIO Harpysky,
cutyanus yxyamaercs. OOycCIIOBIEHO 3TO T€M, YTO B KJIFOUEBBIX KacKaJaxX OCHOBHbBIE OTEPU
SHEPrMH TMPOUCXOASAT B MOMEHTHI MEPEKIIOYEHHUs, KOrja TPaH3HCTOpPhl HAaXOIATCS B
aKTUBHOM pexume. [l XapakTepUCTHUKH MOIIHOCTH IOT€Pb HHEPIUM B MOMEHTHI

HEPEKIIOYEHNUs CIEeIyeT MCIONIb30BaTh BEIMUMHY D = ryt, /T, IMEIOLIYI0 Pa3MEpHOCTh
3NIEKTPUYIECKOTO COIPOTUBIICHUS, T1€ 73, — CpelHEee 3HaYEHHE CONPOTUBIICHUS B MOMEHTHI
HEPEKIIIOYEHUS], ¢, — BpeMsl EepeKItoueHus, I — Nnepuoj KoueOaHui.

Cpenusisi 3a mepuoJl KoJeOaHUl MOLIHOCTH IOTEPh B TPAH3UCTOPAX B MOMEHTHI
NEPEKIIIOUYEHUS OIpeesIAeTCsl BhIpakeHueM Py =1 ,2< Dy, tne Iy =1,-singp — TOK 4epe3

TPaH3UCTOPBI B MOMEHTHI KOMMYTAINH («TOK pa3pbiBay). Takum obpazom
2 i 2
P.=D,I,sin" ¢. 9)

Jiss ompeneneHusl peanbHBIX 3HAYEHWH INpH paboTe B YCIOBHSIX HECOTIIACOBAHHOM
Harpy3ku ObUIM MPOBEACHBI SKCIIEPUMEHTAJILHBIE MCCIIECIOBAHNS U IOJIyYE€Hbl 3aBUCUMOCTH
MOIIHOCTU TOTEPh B BBIXOJHBIX TPAH3UCTOpPAX M K.I.J. BBIXOJAHOIO Kackaaa oT (ha30BOro
yrja MEXIy TOKOM W HalpshKEHUEM Ha BbIXOJE TeHepaTtopa. Pe3ynbTarhl MccienoBaHuit
npeicTaBieHbl B Buae rpadukoB Ha pucyHke 3. Ha stux ke rpadukax mnpeacraBieHa
TEOpEeTUYECKasl alMnpoKCUMalMsI 3TUX JaHHBIX, ONpeenseMas BolpakeHueM (9).

B. H. Xmenes, WN. N. CaBuH
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Puc. 3. I'paduku 3aBUCUMOCTH MOIIHOCTH MOTEPH (a) U K.IL.A. (6) OT pa3oBoro yria Mexay
TOKOM M HalpsDKEHHEM Ha BBIXOJIE TeHepaTopa. TpeyroibHble MapKephl COOTBETCTBYIOT
TEOPETHYECKUM JIaHHBIM, KPYTJIble — 3KCIIEPUMEHTAIBHBIM

[Ipu npoBeAeHUN 3TUX UCCIEAOBAHMM K BBIXOAHOMY KacKaJy 3JEKTPOHHOIO T'€HepaTropa
BMECTO INTAaTHOM Lenu JjeKTpudyeckoro cornacoBanus u  Y3KC moaxnroyanach
3JIEKTpUYECKass LeNb, COCTOSIIas M3  IOCJIEAOBATENIbHO  BKIIOYEHHBIX  JPOCCEs,
KOHJIeHcaTopa U peocrara. Ha paguaTtope 0JHOTO U3 BBIXOJHBIX TPAH3UCTOPOB 3aKPEILISIIACH
TepMoInapa, a caMm paauarop Tersion3onupoBaics. Cepusi SKCIEPUMEHTOB, B XOJE€ KOTOPBIX
MIPOU3BOAWIOCH M3MEPEHUE HA4YaJIbHOM TeMIlepaTypbl paavaropa, MOCIE 4Yero IeHepaTop
BKIIIOYaJicss Ha | MHHYTy, W TeMmIeparypa HU3Mepsulacb CHOBa, Oblla TpOBeJeHa IS
pa3IMyYHbIX 3HA4YEeHUHN (Pa30BOro yriia MEeKIy TOKOM U HAMpsSHKEHHEM Ha BBIXOJE TeHepaTopa.
MomHocTe 1OTEph paccuuThiBazack no ¢opmyne P, =cmAT/t, toe ¢ — ynenbHas

TEIJIOEMKOCTh MaTepHajia paguaropa, m — ero macca, A7 — pa3HOCTb TemIeparyp, ¢ —
BpeMsa. B Xoze KaxIoro sKCIepUMEHTa JEHCTBYIOLIEEe 3HAUEHUE TOKa Yepe3 Harpysky
MOJIJICPXKUBATIOCH paBHBIM | A, a MOIIHOCTh, noTpebnseMas B Harpy3ke — 100 Bt 3a cuer
PETYJIUPOBKU CONPOTUBIICHUS PeocTaTa U HANpPsLKEHUs MUTaHUs BBIXOTHOrO Kackazaa. K.m.n.

BBIXOJHOTO KacKaja paccuuTeiBaiCcsis kak n =P, /(P. +P,), tne P, — MOIIHOCTS,

notpebisieMasi Harpy3Koil.

B pesynbraTe NpOBEACHHBIX SKCIEPUMEHTOB YCTAHOBJIEHO, 4YTO paboTa BBIXOJHOTO
KIIIOYEBOr0 Kackaaa Hambosee 3¢ ¢deKTHBHA TOJIBKO MPHU 3HAUYEHUSAX (PA30BOTrO yriia MExXIy
TOKOM W HAINpsKEHHEM HE MPEBBIIAIONINX 15 rpaaycoB (UTO COOTBETCTBYET KOAPHUIIUEHTY
momHoctu 0,96). B aunamazone 15-25 rpaaycoB (koadduiument momuoctu 0,96-0,91) k.m.n.
cHmxkaercs Ha 5—7%. [Ipu 3naueHusx pa3oBoro yria cBbliie 25 rpagycoB MOTEPU MOIIHOCTH
HAUYMHAIOT CYIIECTBEHHO BO3pacTarh, a K.M.J. — majnath (He menee 0,5 Bt Ha 1 yriosoit
rpaayc u 0,4% K.1.71. Ha OZMH YTJIOBOW I'pajlyC COOTBETCTBEHHO).

st onpenienenus 1uana3oHOB U3MEHEHHs dnekTpruueckux napamerpoB Y3KC B ycrnoBusix
00paboOTKM pa3iIMyYHBIX Cped M BIMSHHUS 3THUX W3MEHEHHH Ha PEXHM COIJIACOBaHUS C
JNEKTPOHHBIM T€HepaTopoM ObUIM TPOBEIEHBI OKCIEPUMEHTAIIbHBIE HCCIEAOBaHUSA,
pe3yJIbTaThl KOTOPBIX MPECTABICHBI B CIEAYIOIIEM MOapa3aee.

B. H. Xmenes, WN. N. CaBuH
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2.4. JKcnepuMeHTATbHAs OLEHKA INANIA30HOB M3MEHEHHS 3JIeKTPHYEeCKUX

napamerpoB Y3KC u ux BjuMsiHHE HA PesKUM 3JIEKTPHUUYECKOT0 COrJIACOBAHUS
HccnenoBanre NpoOBOAMIIOCH C UCIOJIB30BAHUEM 3JIEKTPOHHOIO T'€HEPATOpPa MOLIHOCTBHIO
400 Br 1 moiyBOJHOBOH MbE303JIEKTPUUYECKON KOJICOATENbHOM CHUCTEMbl ¢ HOMMHAJIBHOM
gactoToi 22 kl'll, AMMETPOM MaKeTa IbE30JEKTPUUECKUX IEMEHTOB 38 MM, TOJIIMHON
[IaKeTa IbE303JIEKTPUYECKUX IeMEHTOB 10 MM. OKCIEPUMEHTHI  BBINOJIHSUIACH €
UCIIOJIb30BaHUE pabouuX MHCTPYMEHTOB rpuOoBHIHOTO THA auamerpoM 20 u 25 mM. Llens
AIIEKTPUYECKOTO COTJIacoBaHMs (MepBOro THIA) OblIa MpeaBapUTENIbHO HAcTpoeHa JJis
3¢ dexTUBHON 00pabOTKU BOAHOHM cpelbl B peXMME pPa3BUTONW KaBUTALlUK NPU JUAMETpe
manyvarens 20 mm. Ilpu u3mMeHeHum cpelapl U yclOBMM 00pabOTKM mapamerpsl ILenu
JIEKTPUUYECKOTO COIJIaCOBAaHUsI HE H3MEHsuMCh. B Tabmuue 1 mpencrtaBieHbl 3HAYCHMS
4aCTOTBI PE30HAHCA U AKTUBHOT'O CONPOTHUBIICHUS «MexaHnyeckoil BetBu» ¥Y3KC n 3HaueHus
¢da30BOro yriia Mexay TOKOM M HamlpsDKEHHEM Ha BBIXOJIE 3JEKTPOHHOIO IeHepaTtopa npu

00paboOTKe PAa3IUUHBIX CPEJl B PA3IUUHBIX PEXKUMAX.

Tabnuua 1. I3MeHeHue yacToThl pe30HAHCA U AKTUBHOT'O COITPOTHUBIICHUS] «MEXaHUUECKOM
BeTBI» Y3KC B yCcrnoBHAX pa3anyHbIX 00pabaThIBAEMBIX CpeJl M PEKUMOB 00pabOTKH.
B uncnurene ykazaHbl pe3yibTaThl, IOJy4E€HHbIE IIPU MCIIOJIb30BAaHUN U3TydaTess
nuametrpom 20 MM, B 3HAMEHaTele — 25 MM

Yacrora Comnporusnienne | ®a30Bblit yrom
Oo6pabatbiBacMas cpena pe3oHaHca «MEXaHHYCCKOW | MEXTy TOKOM H
(ycnoBust 00pabOTKH) «MEXaHHYECKOU BETBUY, HaIpPKCHUEM,
BETBU», @, K[ 11 R, ,Om @, Tpan
Boznyx 22,4/22,0 530/580 4/0
Bona (temmeparypa +40 rpa, KaBuTarus) 21,7/20,5 660 /890 2/20
J’_
Bona (remmeparypa +10 rpan, 6e3 20,6 /21,0 1100/ 1980 24 /44
KaBUTAIUH)
Macno MoTopHOE (B YCIIOBHSX KaBHTAIIHH) 21,4/194 810/ 1200 18 /35
+
OnokcuaHas cMoia (Temmeparypa +18 18,8/ 18,0 2210/ 3320 50/ 63
rpamycoB 0e3 KaBUTAITHH)
OnokcuaHas cMoia (Temrmeparype +85 19,5/ 19,0 930/ 1030 24 /3]
IpasycoB B YCIOBHSAX KaBUTAIIHN)

EMKOCTbh IIb€303JIEKTPHUUECKOro Mnpeodpa3oBaress uisi BBIOpAaHHOTO TUIa KosieOaTebHON
CHCTEMBI HM3MEHSJIAaCh B IMPOIECCEe OCYIIECTBICHHUS DJKCIIEPHUMEHTOB B 3aBUCUMOCTH OT
TEMIIEPATYPbI MbE303JIEKTPUUECKOT0 IIpeodpazoBatens B npeaenax ot 3,7 H® 1o 5,9 HO.

Taxum 00pa3zom, yCIIOBHE COTIIACOBAHMUS, OJIM3KOE K ONITUMAIILHOMY, BBITIOJHSIETCS] TOJIBKO
B Tpex u3 12 ciyudaeB. CnenoBarenbHO, A 00€CHEUYEHUsS ONTHUMAJIBHOIO 3JEKTPUYECKOTO
cornacoBanuss B Y3TA B ycCJoBUSX M3MEHEHHS MapaMeTpoB 00pabaThIBaEMbIX Cpea M
PEKUMOB  O0pabOTKM HEOOXOIMMO OCYHIECTBISITH aBTOMATHYECKOE PEryJIMpPOBAaHUE
rapamMeTpoB AJIEMEHTOB LIETIM COTJIACOBAHUS C LIETbIO BhIMOJHEHUs ycioBuil (5) wimm (7).

Pemenuro 310 mpoOIeMBbI TTOCBSIICH CIICTYIONIHA pa3ell.

B. H. Xmenes, WN. N. CaBuH
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3. PA3PABOTKA CIIOCOBA VIIPABJIEHUA 1 PEAJIN3VIOIIMUX EI'O CPEJICTB

Pa3paOaTbiBaeMblil c110co0 yrpaBlieHHs] OPUEHTHPOBAaH Ha MCIONb30BaHuE ero B Y3TA,
CoJIepKAIUX LEMH MEKTPHUECKOTO COrIacoBaHus BTOporo Tumna. OObsICHIETCS 3TO TEM, UTO,
XOTS JUIsl BBIMOJIHEHUS ycioBus (7) TpeOyeTcs peryjaupoBaHue MUHUMYM JABYX MapaMeTpOB,
obecrieuuTs 3TO ycIOBUE IMpolle, Hexkenu ycnosue (5). CymHocTh crocoda 3aKiIrouaeTcs: B
TOM, YTO NpPU BKJIIOYEHUH YJIBTPA3BYKOBOTO TEXHOJOTHYECKOro ammapara B paboTy
OPOMCXOJUT OIpENEICHUEe TEePBOHAYAIBHBIX 3HAUYEHUH COOCTBEHHOM AJIEKTPHUUYECKOU
E€MKOCTH TbE303JIEKTPUYECKOr0 IMpeodpa3oBaTessi W YacTOThl PE30HAHCA «MEXaHMYECKOU
BETBU», II0CJI€ YEro OCYLIECTBISETCS pacyeT U yCTaHOBKA HEOOXOJMMBIX MapaMeTpoB LEeNu
JIEKTPUUYECKOrO corjlacoBaHus. B mpouecce paboThl yIbTpa3BYKOBOIO TEXHOJIOIMUYECKOTO
anmapara  OCyLIECTBIIIETCS ~ HENPEPBIBHOE  NOIICPXKAHUE  PEXUMOB  ONTHUMAJIBHOTO
AKyCTHMYECKOIO M DJIEKTPUYECKOIO COIJIAaCOBAHMS 3a CUET aBTOMATUYECKOW IOACTPOMKHU
BBIXOJIHOM YacTOTbl M AaBTOMAaTHUYECKOI'O PEryJMPOBAaHUS MApaMETPOB 3JIEMEHTOB LENU
IJEKTPUYECKOTO COTTIACOBAHMSI, COOTBETCTBEHHO.

Ha puc. 4 nmpencraBineHa (yHKUMOHAJIbHAs CXeMa MPAKTUUYECKOM peanu3aluu CUCTEMBI
ABTOMATHYECKOT0 PETYJIMPOBAaHMsA. B KauecTBe MCIIOIHUTENBHBIX YCTPOUCTB HMCIIOJIb3YHOTCS
JpOCCeIH NMePeMEHHON UHIYKTUBHOCTH (BapHOMETPHI).

2

Car el =TT
bnox yrpatiesus

Puc. 4. Cxema cucteMbl aBTOMaTHUECKOIO PETYJINPOBAHUS

B cucreme ymnpaBieHMsI HUCIIOJIB3YETCS AEBATh WU3MEPUTEIBHBIX U ISTh YIPaBIISIOMINX
CUTHAJIOB, Ha3HAYEHUS KOTOPBIX MOSICHSAETCS B TaOIMIIE 2.

OO6o3HaueHusi Ha CTPYKTypHOU cxeme (puc.4) umeror cieayrommi cmeica: WIT —
VUCTOYHMK IMTaHUS C peryjupyemMbiMH HamnpspbkeHueM, BK — Beixognol kackan, I' —
3aJaI0IIMI TE€HEpaTOp C PEryJUpyeMOW BBIXOJHOM YacCTOTOM, TAaKTUPYIOIIUKM BBIXOJIHOU
kackan, II1-1113 — tokomsmepurensHble wmyHTH, [[1-/12 wu3MepurenbHblEe IEIUTETU
Hanpspkenus. JIP1-J[P2 perynupyemble apoccenu ¢ UCIIOTHUTENbHBIMU YcTpoiicTBamMu Y 1—-
Ny2. HY — HopMHUpYIOIIMH JTUHEWHBIA YCHWIIUTENIbh C MEPEMEHHBIM KO3(PPHUIHMEHTOM
yeunenus, 1Y — muddepeHnranbHpIil yCHINTeNb.

B. H. Xmenes, WN. N. CaBuH
MosbiweHne 3PPEeKTUBHOCTN YIbTPaA3BYKOBOro Bo3AencTensa Ha obpabaTtbiBaemble cpefbl U MaTepuansl 3a
cyeT oNTMMM3aLMU 3NEKTPUYECKOr0 COrflacoBaHUs B Y/IbTPa3ByKOBOM TEXHO/IOMMYECKOM annaparte



DNeKTPOHHbIV XypHan «TexHuyeckas akycTuka» 2005, 36 11 (15)

Ta6mmma 2. HazHaueHne n3MEpHUTENbHBIX U YIIPABJISIOMIUX CUTHAJIOB

Hassanue Tun [TepenaBaemas mHGOpMALIHAS
CUTHaJa

VR M3mepurenbHblil | 3HaueHUE HANIPSDKEHUS MUTAHUS BBIXOJHOTO KacKaaa

FR -//- YacToTa BBIXOAHOTO HAMPSKEHUS

I -//- AwMrunTyna U ¢a3a ToKa Ha BBIXOJIE TeHepaTopa

Ul -//- AwMrunTyna u ¢aza HalpsDKEHUS Ha BBIXOJIC TeHepaTopa

[8) -//- Awmnnutyaa u ¢aza Hanpspkenus, nutaromero Y3KC

D m MrHOBeHHbBIC 3HAYCHHUS TOKA Yepe3 JOMOJHUTEIIbHBIH
KoHaeHcaTtop C2

I3 -/1- MrHoBeHHbIE 3HAUSHHMS ITOJIHOI0 ToKa, muTaroniero Y3KC

Im -//- AwMruaTyna u ¢asza Toka «Mexanndeckoi BeTsn» Y3KC

T -//- Temmeparypa Mbe303JIeKTPHUECKOTO TPeodpazoBaTels

VS VYopapusromuil | 3agaHue HaAOpsH>KEHUS MUTAHUS BBIXOJHOTO Kackaja

FS -//- 3a/iaHre YaCTOTHI BHIXOTHOTO HATIPSIKEHUS

L1 m 3anmanue UHAYKTHBHOCTH apoccens JIP1 mocinenoBarenbHOro
KOHTYpa

L2 -//- 3amaHne WHIYKTUBHOCTH npoccenist JIP2 mapamiensHOro KOHTypa

KS m 3amanne 3HaUYCHUS KO (PHUIMEHTa YCHUIICHHSI HOPMHUPYIOIIETO
yeunurens HY

Hopmupyromuit yeunurens HY u auddepenunansupiii yeunurens Y obecrnednBaroT
BBIJICJICHUE 3HAUYEHUs TOKA «MEXAHUYECKOW BETBM» M3 IOJIHOrO TOKa, nuratouiero Y3KC.

[Monnsrit Toxk Y3KC ects 1, =1,, + U, C,, TOK 4epe3 JONOJHUTEIbHBIN KOHAEHCATOP €CTh

I, =U,/®wC,. Ecmn xo3p¢dunueHtsl nepenauu Juis LIYHTOB U JuPepeHIUATBHOTO

YCUIIUTEIIA CAUHUYHBIC, TO CUT'HAJI HAa BBIXOAC ITOCICAHETO OIMUCBIBACTCA BEIPAXKCHHUEM
1, =1,,+U,0(C,-KC,). (10)
COOTBGTCTBCHHO, €CJIU BBITIOJIHACTCA YCIOBHUE

curHan Im Ha BbIXOAEe nuUdPepeHIaATBHOTO YCHINTENSI OKaXKeTCS MPONOPLHOHAIBHBIM
TOJIBKO TOKY «MEXaHW4YeCKOH BeTBW». CHrHaji, Hecymuid HHPOpMaIIUIO O TOKE MEXaHUIECKON
BETBH, HeEoOXomuM st paboTel cuctemMbl AIIY u cucTeMbl peryaupoBaHHsS BBIXOJHOM
MOII[HOCTH.

[IpennoxeHHbld  croco0  ympaBieHMs] peanusyercd cieayoummm obpasom. [lpu
BritoueHun Y3TA mnpousBonutcs onpezenenue napamerpos Y3KC, B yaCTHOCTH 3HaYEHUS
COOCTBEHHOM €MKOCTH IbE303JEKTPUUECKOI0 IMpeodpa3oBaTesis M 4YacTOThl pPE30HAHCA

«MEXAHUYECKOU BETBUY.

B. H. Xmenes, WN. N. CaBuH
MosbiweHne 3PPEeKTUBHOCTN YIbTPaA3BYKOBOro Bo3AencTensa Ha obpabaTtbiBaemble cpefbl U MaTepuansl 3a
cyeT oNTMMM3aLMU 3NEKTPUYECKOr0 COrflacoBaHUs B Y/IbTPa3ByKOBOM TEXHO/IOMMYECKOM annaparte




DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2005, 36 12 (15)

OrnpeenieHne 3HA4YEHUST COOCTBEHHOM AJICKTPHUYECKOW EMKOCTH IbE303JEKTPUUIECKOTO
npeoOpaszoBareisi TMPOU3BOAUTCS OJIOKOM yIpaBlIE€HUS AaBTOMAaTHYECKH, B pe3yJibTaTe
BBITIOJTHEHHSI CIIEAYIOIIEH MTOCIEN0BATEIbHOCTH JICHCTBHIA.

1. YacToTa BBIXOJHOTO HANPSKEHUSI T€HEpaTOpa ycTaHaBIMBaeTCs Ha 5—7 k1l BbIlIe
HOMMHAJILHOTO (I1aCIIOPTHOTO0) 3HAUEHUS YaCTOThl pe3oHaHca. JJis 3aJaHusl 4acTOThI
WCIIOJIBb3YETCs yrpaBisonuid curaai FS.

2. AMIUIMTYZa BBIXOJHOTO HAIlpsDKEHUS TE€HepaTropa YCTaHABIMBAeTCsl Ha YpPOBHE
15-20% ot makcuManbHOro 3HaueHus. [[ist aToro ucnonb3yercs curuai VsS.

3. Jlng yCTaHOBJIEHHOTO 3HAa4YE€HMsI YaCTOThl IPOU3BOAMUTCS pacdeT MU yCTaHOBKa
3HaUYCHMUs] MHAYKTUBHOCTH aApoccens JIP1 u3 ycinoBusi oOecriedyeHusi pe3oHaHca
[10CJIEI0BATEIBHOIO K0J1€0aTeIbHOTO KOHTYpa. ¥YcraHoBka 3HAUEHUs
MHAYKTUBHOCTH Jpoccens JIP1 ocyuiecTBisiercs ¢ NOMOIIbIO  YIPABIISAIOLIETO
curnama L1.

4. WunyktuBHOCTS  npoccenst  JIP2  ycraHaBimBaeTcs TakuM —00pa3oM, 4YTOOBI
ammuintyna HanpspkeHust nutanus Y3KC ormnMuanach OT aMIUIUTYbl BBIXOJHOTO
HanpsDKEeHUs reHeparopa He Oomnee dem Ha 30%. [Tocne BoImoHeHus neicTBuil 14
noyHbld TOK nutanus Y3KC Oyaer mpakTUYecKd paBeH PEaKTUBHOMY TOKY uepe3
COOCTBEHHYIO JJIEKTPHUECKYI0 €MKOCTh IhE303JIEKTPHUECKOro mpeoldpa3oBaTes,
IIOCKOJIBKY TOK «MEXaHWYECKOH BETBW» Ha 4YacToTe, JaJeKOM OT 4YacTOThI
pe3oHaHca, IPEHEOPEKUMO MaJl.

5. [Ipou3BomuTCsl  yCTaHOBKAa MHHHMAalIbHOTO  Kod(h¢uiumenta ycuwinenus K
HopMmupytomtero yeunutens HY. [{nst atoro ucnons3yercs curnan KS.

6.  IlpousBoaurcs IIOCTEIIEHHOE yBEJIMUEHHUE KodunmeHTa YCUJICHHUS
Hopmupyomero yeunurens HY o tex nop, nmoka amrummryaa cursana Im He craHer
MEHBIIIE 33JJaHHOTO 3HAYEHUs, OJM3KOro K Hy0. Tak Kak TOK B MEXaHMYECKOU
BETBU TMpeHEOpeXMMO Maj, Onu3kas K HyJII0 aMmIuITyJa curHaia Im
CBUJIETEJILCTBYET O TOM, UTO BBINIOJIHAETCS ycnoBue (11).

7. [IpousBoguTcsi pacueT 3HAYCHUS COOCTBEHHOM  DJIEKTPUYECKOW  EMKOCTH

IbE303JIEKTpUUecKoro npeodpasosarens C, = KC, .

8. HpOPI?»BOI[I/ITCf{ HN3MCHCHHEC TCMIICPATYPBI IIbE303JICKTPUICCKOT'O npeo6pa30BaTenﬂ.

[Tocne BeImonHeHUs AeHCTBHIA 1-8 ocyliecTBiseTCs MEpPexXo] B PeXUM IOMCKA YaCTOTHI
mexaHuueckoro peszoHanca Y3KC, urto OJOK ympaBieHUS TakkKe peanu3yer B
aBTOMAaTHYeCKOM pexume. Jlig 53Toro ammiuTyda BBIXOJHOIO HANpPSDKEHHMS —TakkKe
ycraHaBiuBaeTcss B npeaenax 15-20% OT MakCUMajabHOIO 3HAYEHUS, MHIYKTHBHOCTb
npoccenst JIP1 ycranaBnuMBaeTcsi M3 YCJIOBUSI pPE30HAHCA IOCIENOBATEIILHOTO KOHTYpa IpH
TEKyIlEeM 3Hau€HUM 4YacTOThl, a MHAYKTUBHOCThH Apoccens [IP2 — u3 ycinoBus pe3oHaHca
[apajyieIbHOr0  KOHTypa € y4Y4eTOM  3HAa4eHHUs  EMKOCTH  IbE30JIEKTPHUYECKOrO
npeoOpa3oBaTels.

[Touck nponmosmxkaercs 10 Tex nop, noka ¢assl curtaioB U2 u Im He cpaBHstotcs. [locie
9TOrO MOATOTOBUTENBHBIE ONEPALUHU 3aKAHYMBAIOTCS, OCYLIECTBISIETCS MEpPexXo]l B paboumii
PEKUM.
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B pabouem pexume ONOK ympaBlieHUS HAa OCHOBAHHHM H3MEPUTENbHON HH(POpMAIUU
peanu3yeT peryJMpoBaHUE IISITHU OCHOBHBIX TapaMmMeTpoB. PerynmupoBaHHe KaXKI0TO
napaMeTrpa  OCYIIECTBISICTCS  HE3aBHCHMO, 4YTO IO3BOJIIET  PaccMOTPeTh  paboTy
pa3paboTaHHON cUCTEMbl aBTOMATUYECKOT0 PEryJIMPOBAHUS KaK MATH HE3aBUCUMBIX CHCTEM,
Ha3BaHHBIX Jjajle€ KOHTYpaMU yIIPABJICHHUS.

[lepBblii KOHTYp yHOpaBlIEHHUS BBIMOJIHIET AaBTOMAaTHYECKYIO TOJCTPOMKY YacCTOTHI
BBIXOJIHOTO HAIpPsDKEHUS TeHepaTopa, IS 4ero HEMpPephIBHO KOHTPOJIHPYET pa3HOCTh (a3
curtanoB U2 u IM u MUHUMH3UpPYET €€ 3a CUeT U3MEHEHHsI BBIXOJHOW YacTOTHI TeHepaTopa
(ucnone3ys cur"an FS), obecnieunBasi TeM caMbiM pabOTy yJIBTPa3ByKOBOH KoJieOaTEIbHOU
CHUCTEMbl B PEXHMME MEXaHMYECKOTO PE30HAHCA U €€ aKyCTHYECKOE COTJIACOBAaHUE C
oOpabaTeiBaeMOM CpeIoi.

BTopoii KOHTYp ymnpaBieHUs MOIJICPKUBAECT 3aJaHHOE 3HAYEHUE BBIXOJHOW MOIIHOCTH,
JUTSL 4er0 HEMPEPHIBHO KOHTPOIUPYET MPOU3BEICHUE aMILTUTYIHBIX 3Ha4eHH curHanoB U2 u
Im, u obOecrieunBaeT ero paBHBIM 33/JIaHHOI yCTAHOBKE 3a CYET PErYJIUPOBKH aMIUIUTYIbI
BBIXOJITHOTO HAIPSKEHHUs T€HEepaTopa 3a CUET U3MEHEHUs HANpsHKEHHS] MUTAHUS BBIXOAHOTO
Kackaza (Ucronb3ys curHan VSs).

Tperuii KOHTYp ympaBlieHUs 0OecIieuyuBaeT paboTy TPAH3UCTOPOB BBIXOJHOTO KacKaaa B
peXUME MEPEKITIOUEHHUs TIPU HYJIEBOM TOKE, JUIsl Yero HEMpPEepbhIBHO KOHTPOIUPYET Pa3HOCTh
¢da3 curnano Ul u [1 1 MEUHUMU3HpYET €€ 3a CUET PEryJIMPOBKH 3HAYCHHS MHIYKTHBHOCTH
npoccens [IP1 curnanom L1.

UeTBepThli KOHTYp yIpaBIEHUS O0O0ECIEeUUBACT PEKHUM pPE30HAHCA MMAPaAIIEIBHOTO
KOJIEOATEIBPHOTO KOHTypa (YTO HEOOXOOMMO sl BBIMONHEHHS ycioBus (7)), Uis Yero
KOHTPOJIUPYET pa3HOCTh (a3 curHaioB U2 u I1 u MUHUMH3HPYET €€ 3a CUeT PEryJIUPOBKU
3HAYEHUs UHAYKTUBHOCTH Apoccens JP2.

[laTb1ii KOHTYp yIpaBJi€HUS HENPEPHIBHO KOHTPOJIUPYET 3HAYECHUE TEMIEPATyphbl
MBE303JIEKTPUUECKOr0 MpeoOpa3oBatTeisl yIbTPa3ByKOBOM KojeOaTeabHOW CUCTEMbI, Ha €€
OCHOBaHUHU PACCUUTHIBACT TEKYIIEEC 3HAUCHHUE €ro AJICKTPUUYECKON €MKOCTH U, HCIOJIb3Ys
curnan KS, ycranasnuBaer koahuLMeHT ycuieHus: HopMupyomero ycuurens HY ucxons
u3 ycnoBus (11), uro mo3BosisieT oOecrneynTh Haubojee TOYHYI paboTy ApPYrux KOHTYPOB
yIpaBlIeHUS.

Ecnu B mpouecce paboThl aMIUIUTYAHbIE 3HAYEHUS] HAIPSHDKEHUH M TOKOB XOTS Obl Ha
OJIHOM U3 YYaCTKOB BBIXOJHOW MMM TMPEBHIIIAIOT MAaKCUMaJIbHO JIOMYCTHUMBIC 3HAUYCHHE,
MPOU3BOJUTCS HEMEAJICHHOE OTKIIOYEHHE BBIXOJHOTO HAMPSKEHHS] UCTOYHHKA MUTAHHS B
LEJISIX IPEIOTBPAIEeHHsI BBIXOJa U3 CTPOSI YIbTPA3BYKOBOI'O TEXHOJIOTMYECKOTO armapara.

OnbITHAs DJKCIUTyaTalWsi CO3JAAHHOTO 00pasla YIbTPa3BYKOBOTO TEXHOJIOTUYECKOTO
anmapara IO3BOJIMJIA YCTAHOBHUTb, UYTO MPEIJIOKEHHBIH CIOCO0 YIpaBiIeHUsS MO3BOJISET
00eCreYnTh OJMHAKOBO BBICOKYIO J((EKTHBHOCTh YJIBTPA3BYKOBOTO BO3ICHCTBHUS Ha
pa3inyHble TEXHOJIOTMYECKUE CpEeAbl IMPH HCHOJIB30BAHUU PA3IUYHBIX KOJIeOATEeNbHBIX
CUCTEM CO CMEHHBIMHU pabOouyuMu UHCTpYMeHTaMu. [Ipu 3TOM K.11.4. mpeoOpa3oBaHus SHEPTUU
B 2JIEKTPOHHOM I'eHepaTope cocTaBisieT 95-97% (Ipu OCyIIeCTBIECHUH TEX K€ IIPOLECCOB, HO
C OTKJIIOYEHHOM CUCTEMOM aBTOMAaTHYECKONM ONTHUMH3ALMH SJIEKTPUYECKOrO COIIACOBAHMS,
BBIXOJIHAsSE MOIIHOCTh B CpeAHEM oOKazaiach Ha 15% HibKe, a B OTHEIBHBIX PEKUMAX
CHIDKEHHE MOIIHOCTH nocturajio 60%, a K.1m.j. cHwkaics 10 85%).
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3AKIIIOYEHUE

OcHOBHBIE pe3ybTaThl PA0OTHI 3aKIIOYAIOTCS B CIICAYIOIIEM.

1.

B pesyinbrare aHanmsza COBPEMEHHOI'O COCTOSIHMS YJIBTPa3BYKOBBIX TEXHOJOTMYECKHUX
anmapaTtoB yCTAHOBJICHO, YTO CHIKEHHE UX YPPEKTUBHOCTU B X0/I€ TEXHOJIOTHYECKOTO
npoiiecca 00yCIOBICHO JIEKTPHUUECKUM PacCOIIacOBaHUEM JIEKTPOHHOIO TeHepaTopa
U yJIbTPa3BYKOBOH Koj1e0aTeIbHON CUCTEMBI.

HccnenoBanue 1mporecca nepefadyd dJIEKTPUYECKOM OHEPrUH OT  3JIEKTPOHHOIO
reHeparopa K yJIbTPa3ByKOBOM KoOJEOATENbHOW CHUCTEME MO3BOJIMIIO YCTAaHOBUTH, YTO
IIPUYMHOM PaccoIVIacOBaHUs SBISIETCS M3MEHEHHME JJIEKTPUYECKUX I1apaMETPOB
KoJIeOaTeNbHOM cHucTeMbl, OOYCIIOBJIEHHOE H3MEHEHHEM CBOMCTB 00pabaThiBaeMbIX
Cpell B X0€ TEXHOJIOIMYECKOro Ipolecca.

[Ipoananu3upoBaHbl ~ OCOOEHHOCTH  TOCTPOEHHUS  MEpecTpauBaeMbIX  Liemeil
JIEKTPUUYECKOTO COTJIacOBaHMsl M CPOPMYIHPOBaHbl TpeOoBaHHSA K 0OOPYIOBAHUIO,
o0ecrneuymnBaoIeMy peKUM ONTUMAIbHOTO 3JEKTPUUECKOr0 COTIacoBaHMUS.

B pesynbpraTe SKCIIEPUMEHTAIBHBIX MCCIEAOBAHUN HA PA3JIMYHBIX TEXHOJIOTMYECKHX
cpelax oOIpeleseHbl Ipelesibl HEeoOXOAMMOHM mepecTpodKHM mHapaMeTpoB —Liemnei
JIEKTPUUYECKOTO COIJIACOBAaHUS M IOKa3aHa HEOOXOAMMOCTb HMX AaBTOMATHYECKOI'O
peryJupoBaHus B Ipolecce paboThl YIbTPa3ByKOBOI'O TEXHOJIOTMYECKOI0 anmapara.
[TpenioskeH cnocod aBTOMATHUYECKOTO PEryJMpOBaHMs JIEKTPUUYECKOTO COINIACOBAHUS
U pa3paboTaHa €ro IpakTHYecKas pealu3alus, MO3BOJMBILAS  00ECHEeUUTh
MakCUMaJibHY!0  3((eKkTuBHOCTE  pabOThl  YJIBTPA3BYKOBOI'O  TEXHOJOTHYECKOTO
anrnapara npu JIIoObIX U3MEHEHUSIX apaMeTPOB CPel U KosieOaTeIbHbIX CUCTEM.
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