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IIpencraBieHbl pe3ybTaThl UCCIIENOBAHUS CTALIMOHAPHOM MOIbI HEYCTOMUMBOCTH IOIIEPEYHOTO TEUEHMSI,
BO30YKI1aeMOIi C TIOMOIIBIO TIA3MEHHOTIO aKTyaTopa Ha OCHOBE IU3JIEKTPUYECKOT0 0aphepHOTro pa3psiaa
B TPEXMEPHOM ITOTPAaHUYHOM CJIO€ Ha CTPEJIOBUIHOM IJIACTUHE C HAaBEJACHHBIM I'PAIUECHTOM HABJICHMUSI.
[TokaszaHo, UTO aKTyaTOp TeHEepUupyeT MOIAY HEYCTOMYMBOCTHU 3alaHHOM JUIMHBI BOJIHBI C HAYaJIbHOM aM-
TUTUTYAOM 10 2% OT CKOPOCTH HabeTaroIero NoToka, IIpyu 3TOM COOTHOIIIEHUE CUTHAJI/IIIYM COCTaBJIsSIET He
6osee 15%. B pesynbTaTe rmapaMeTpUYECKOro MCCISAOBAHUS MOJIYYESHO CEMECTBO KPUBBIX HApACTAHUS
BO30YKI1aeMOii MOIbI HEYCTOMYMBOCTU KaK (DyHKIIUU MTapaMeTPOB HAIIPsIKEHUsI, MUTaloliero paspsia. [1o-
Ka3aHo, YTO HavYaJIbHAsl aMIUIMTYIa CTAllMOHAPHBIX BO3MYILIEHUI, TOPOXIAEMbIX aKTyaTOPOM B UCCJIEIO-
BaHHOM JMara3oHe apaMeTpoOB, KBaAPAaTUYHO 3aBUCUT OT IIepeHAIIPSIKEHMSI Ha 3JIEKTPOAAX U IMHEINHO OT
YaCTOThI, UTO COBIANAET C AaHAJIOTMYHOM 3aBUCUMOCTBIO IIJIsSl TITU aKTyaTopa.
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BBEIAEHME

I1pu pa3paboTKe JeTaTeNbHBIX alllIapaToB 3a1a4da
CHUXXEHUSI TPSHUSI COMPOTUBJICHUS OKa3bIBAETCS OJl-
HOIi U3 NMPUOPUTETHBIX. [1epcrieKTUBHBIM CITOCOOOM
€e pellIeHUs sSBJISIeTCs JJaMuHapu3alusl o0TeKaHus
KpbLIia 1 orepeHusi. OCHOBHOM MeXaHU3M JJAMUHApHO-
TypOYJIEHTHOTO Mepexoa Ha CTPEJIOBUAHOM Kpblie
CBSI3aH C Pa3BUTUEM HEYCTOMYMBOCTU MOINEPEYHOTO
TedeHus [1, 2], oOycaoBIEHHON TOYKOI Tepernda B
npoduJie morepevHoit KOMIOHEHTHI CKOPOCTHU B MO-
rpaHu4HOM ciioe. CUnuTaeTcs, YTO B YCIOBUSIX Kpei-
CEPCKOTO MoJieTa MPU HU3KOM YPOBHE BHEIITHE Typ-
oynentHOCcTH (<0.15%) TIepexon BBEI3BIBACTCS CTAIIV-
OHapHOM MOJIION HeycTOMYMBOCTH [3, 4], KOoTOpas
BO30YXIAeTCsl IIEPOXOBATOCThIO 0OTEKAEMOIT TOBEPX-
HOCTHU KpbLia.

Crpareruu yrpabjieHUs] JJaMUHAPHO-TYpPOYJIEHT-
HBbIM TIEPEXOAOM Ha CTPEJIOBUIHOM KpPbLIE OOBIYHO
CBSI3aHbl C U3MEHEHUEM YCTOWUYUBOCTU OCHOBHOTO
TeueHwus [5, 6]. MonudukaLust TpexMepHOro ITpoduiIst
CKOPOCTHU B TIOTPAHUYHOM CJIO€ MOXKET ObITh BbITIOJIHE-
Ha, HallpuMep, MOCPEACTBOM OTCOCA TMTOTPAHUYHOTO
ciiost [7] mnbo n3MeHeHUs IPO@UIsT CKOPOCTH C T10-
MOIIBIO 00BbeMHOI cubl [8]. U3BecTeH Takske MeTox,
MOMAYJISIIIAY TIOTPAHUYHOTO CJI0SI KOPOTKOTIEPUOAN-
YECKMMU CyOOTITUMAIILHBIMU BO3MYILIEHUSIMU, KO-
TOpbIE€ 3aMEISIIOT Pa3BUTUE €CTECTBEHHBIX BUXpEN

HeycroitunBocTu [9], 3arsruBasi nepexon. Mcmnosb-
30BaHVe aKTUBHBIX METO/IOB BO3IECHCTBUSI HA MTOTOK
paccMaTpMBaeTcsl Kak MepCrneKTUBHOE CPENCTBO s
peanu3alny TaKUuX METOAUK B CUITY BOBMOXXHOCTH MX
ajanTalyy K BHELIIHUM YCJIOBUSIM TOJIeTa.

Bo3MOXXHOCTD INAJIEKTPUYECKOTO OapbhepHOTro pas-
psana (ABP) co3maBaTh IpUCTEHHYIO CTPYIO rasa 3a
CUET MOHHOIO BETPaA LIMPOKO MCIOJIb3yeTCs B 3a1a-
yax yrnpapJICHUSI TTOTOKOM ISl Pa3jIMYHbIX adpOau-
Hamuueckux npuioxeHuii [10—13]. B cuny cBoeit
MPOCTOTHI KOHCTPYKIIMMA Y BBICOKOM 4YacCTOTHI BO3-
NIeCTBUS TJIa3MEHHbIE aKTyaTopbl Ha ocHoBe I BP
MMEIOT MPEUMYIIECTBO Hall TPAAUIIMOHHBIMU METO-
JlaMUu yIIpaBJIE€HUsI, OCOOEHHO B 3aJayaXx BHECEHMs
YIIPABJISIOIIMX BO3MYILICHU B IOTPAHUYHBINA CJIOM.
Bo3MoxXHOCTh n30MpaTeIbHO BO30YXKIaTh MOJIbI He-
YCTOMYMBOCTU ITIOTIEPEYHOr0 TEYEHMs B MOTrpaHUY-
HOM CJIO€ Ha CTPEJIOBUIHOM KpbLIE C TIOMOIIbIO Oa-
pbEPHOro paszpsifia MPOAEMOHCTPUPOBaHa B paboTax
[14—16]. bbruto moka3aHO, YTO, MO MEHBIIeil Mepe,
MPU CKOPOCTSIX, XapaKTEePHBIX IJIsI HU3KOCKOPOCTHO-
ro TpyoHoro akcrnepumeHTa (<40 M/c), aMIIuTyaa
MOPOXIAEMbIX pPa3psiiOoM BO3MYIICHUI BBIIIE aM-
TUTATYIBlI €CTECTBEHHBIX BUXpPEl HEYCTOMUYMBOCTU. B
TO K€ BpeMs1 ObLJIO OOHAPYKEHO, YTO pa3psia BO30YK-
JlaeT TakxKe Oeryiiue Bo3MYyIIeHUs . DTo, MPearnoiao-
KUTENTBbHO, CBSI3aHO C HECTAIIMOHAPHOCTHIO pa3psiaa
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¥ OJIyKIaHUEM MUKDPOPAa3PSIIOB 110 KDOMKE DJIEKTPO-
na. JInsa ucrionb3oBaHMS TIA3MEHHOTO aKTyaTopa B
3aavyax 3aTATUBaHUS JIAMIHAPHO-TYPOYJIEHTHOTO TIe-
pexona HeOOXOIUMMO KOJIMYECTBEHHO OLIEHUTh €T0
KJII0YEeBbIE ITapaMeTpbl KaK HMCTOYHUKA BO3MYIIIC-
HUI, a UMEHHO 3aBUCHMOCTh aMIUIATYIbI BO3IEii-
CTBUS OT ITapaMeTPOB IUTAIOIIETO HATPSDKEHUS W
COOTHOILIEHUE CUTHAJI/IITyM.

Lens manHo# paboOThl — IMapaMeTpUYECKOe HC-
cllienoBaHue mpoliecca BO30YXKIeHUST CTalluOHAPHBIX
MOJI HEYCTOMYUBOCTH TTOTIEPEYHOTO TEUEHUSI.

OINMCAHUE BSKCITEPUMEHTA

DKCIepUMEHTHI TIPOBOAMIINCH B TO3BYKOBOM aspo-
JUHaMU4YecKoi Tpyoe /13 OTKPBITOro TUIIa ¢ KPUBOJIM -
HeitHo paboyeit yacThio (puc. la, 16). CkopocTh Ha-
Oerarouero NOTOKa Ha cpese cora cocrasisiia Uy =
=125 M/C Npu YpOBHE BHelIHeil TypOyJeHTHOCTU
0.08% B monmoce yactot 20—1000 I'i. CtpeoBumHas
IUIACTHHA C YIJIOM cTpeoBuAHOCTH 40° BBINOJIHEHA
U3 aKpuiia C DJUIUIITUYECKOU MepeaHeil KpOMKOU U
3aKpBUJIKOM B 3a0Hel yacTu. [ MMUTalKM YCKOPSI-
IOILIETOCSI TEYEHMsI Ha CTPEJIOBUIHOM KpbUIE CO31a-
BaJicsl OJIaroNpUsITHBII TPaIueHT JaBJICHUs Ha T1J1a-
CTHUHOI 3a cYeT NpOoMIMPOBAHUS BEPXHEU CTEHKU
paboueit yactu. s MUHUMM3ALMHY BIMSITHUSI CTEHOK
Ha MOTOK NpoduIb OOKOBBIX CTEHOK MOBTOPSIT hOp-
My JITHUJ TOKa NOTeHLMAIbHOro TeueHus. I1pomoiib-
Hasi KOMIIOHEHTa CKOPOCTM BHEIIHEro IMOTOKa Ha-
pactana TpUOJU3UTENbHO JIMHEWHO B IMamna3oHe
paccTossHuli oT nnepenHeit KpoMku x = 100—500 MM, a
ero ToriepeyHasi KOMIIOHEHTa yIOBJIETBOPSIa YCI0-
BUIO CKOJIbXeHUsI w = const. MI3MepeHHbIe UHTe-
rpaJibHble XapaKTePUCTUKM IIOIPAaHUIHOIO CJIOSI, Ta-
KM€ KaK TOJIIIMHBI BHITECHEHUS O, U [IOTEPY UMITYJIb-
ca 0,, MAaKCUMyM IPOMUIs CKOPOCTH IOMEPEYHOTO
TEYEHUS U, U TIPOGUIA MONIEPEYHOM COCTABIAIOLIETH
CKOPOCTH B IIOTPAaHMYHOM CJIO€ IT0Ka3aHbI Ha puc. 1B,
1T BMecCTe ¢ COOTBETCTBYIOLIMMU PE3yIbTaTaMU pac-
yeroB. McciienoBaHue pa3BUTUSI HEYCTOMYMBOCTH T10-
MEPEeYHOro TeYeHMsI IMPOBOIWIOCH B AUAIla30HE pac-
CTOSIHUM OT nepenHeit kpomku x ~ 270—500 mm. Bee
napaMeTphbl IIOIPAaHUYHOIO CJIOST YIOBJICTBOPUTEIIb-
HO COOTBETCTBYIOT PAaCUETHBIM, 3a MCKIIIOUYEHUEM
MaKCHUMaJIbHOM CKOPOCTU IIOIEPEYHOro TEeUYEHUSI,
KOTOpasi pe3ko cHuxaetcs nocie x = 340 mMm. Takoe
€€ MOBeICHNE MOXHO OOBSICHUTD BIIMSIHUEM Ha IIPO-
¢WIb OCpemHEHHOTO B MOIEPEYHOM HampaBIeHUU
TeUEeHMSs B IOrPAaHUYHOM CJI0€ HECTAallMOHAPHBIX MO
60bII0# aMIIUTYAbI TTopsiaka 10% ckopocTh moTo-
Ka. [Ipu Takux OOJIBIIUX PACCTOSTHUSX OT TMepeaHen
KPOMKM Pa3BUTHUE BO3ZMYIIIEHUI HE MOXET CYUTATHCS
MMOJTHOCTBIO JIMHEMHBIM.

IMnasMeHHBI aKTyaTOp, ITOKAa3aHHbII Ha puc. 2,
MPEACTABISIT COOOI CUCTEMY U3 IBYX Iap 3JEKTPOIOB,
pa3neneHHBIX IU3IeKTpUIecKoii kepamukoii (€ = 10.4)
toinmuHoi 1 MMm. Kaxmast U3 HUX cocTosiia U3 Me-
HOTO TTOACTUJIAIONIETO Y aTIOMUHUEBOTO KOPOHUPY-
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Puc. 1. Cxema 3KcriepyMeHTaJIbHOM ycTaHOBKU (a), (0):
1 — pabouast 4acTh, 2 — IJIacTUHA, 3 — TEJIO BEITECHEHUSI,
4 — na3epHbIil HOX, 5 — Kamepa, 6 — rutasMeHHbIi JIBP-
aKTyarop; (B) — MHTErpajbHbIe MapaMeTPhbl TOrPaHUYHO-
ro cniost: 1 — 8y, 2— 08,, 3 — uy/Up; (r) — npodunu cxo-
pOCTH TIOTIEPEYHOTO TEUEHUsI: TOYKU — DKCIIEPUMEHT,
JIMHUU — pacyeT; 1 —x =275 mMm, 2— 390, 3 — 460, 4— 515.
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KOTBULKHWH u np.

Puc. 2. Cxema mnasmenHoro JIbP-akryaTtopa: (a) — Bun cBepxy, (6) — BUI cOOKY; / — KOPOHUPYIOILIKUE IEKTPOIbI, 2 — MO/~
CTWIAIOIINE JIEKTPOIbI, 3 — KepaMukKa, 4 — TOYKU JIOKJIM3allMY TIJIa3Mbl, 5 — BCTaBKa.

FOIIETO 3JIeKTPOIa B aCUMMETPUYECKOM KOHDUrypa-
uuu. Jas Mogyasiuuu oO0beMHOM CHJIBI B MOIepey-
HOM HaIlpaBJICHUM U JIOKAIU3aLUU MeCTa TOPEHUSI
paspsiga MOACTWIAIOIINES SJIEKTPOAbI ObLTU BBITTOTHE-
HBI B BUE TpeOEHOK pasHoro reproga A =4.2 1 6.8 MM.
Ha anexTponsl o1HOI U3 Map MoAaBajaoch Nepuoanye-
CKOe HanpspkeHue B quarazone V= 2.8—4.4 kB u ya-
croroir f = 40-90 xIu. IlnasMeHHBII akKTyaToOp
CMOHTHMPOBAaH 3aIlOIIMIIO C TIOBEPXHOCTHIO Ha PacCTO-
sarr 200 MM OT IiepeaHe KPOMKH HIKE TOYKH ITI0Te-
PM YCTOMYMBOCTU MOrpaHUYHOTO ciost. Ilepen usmepe-
HUSIMU pa3psig B aKTyatope ropell B TeueHue 30 MuH
JUJISI CTAOMIM3AlUM OKCUIHOTO CJIOSI HA KOPOHUPYIO-
IIEM 2JICKTpoAe. DTO MPUBOAWIO K 00jiee OMHOPOI-
HOM CTpYKTYype pa3psiga [17] u ymeHbIIam10 apeid xa-
pPaKTepUCTUK aKTyaTopa BO BPEMsI SKCIIEpUMEHTA.

CTpyKTypa TeueHMsl McClenoBajlach C TTOMOIIbIO
2D PIV (Particle Image Velocimetry) B maHopaMHOIA
KoHurypauuu (puc. la). B kauecTBe UCTOUHUKA
U3JIy4YEHUS UCIIOJb30BaJICsl ABYXMMIYJIbCHBIN Jia-
3ep Nd:YAG c sneprueit mmitynbea 100 MIX 1 nm-
HOU BOJHBI 532 HM. CbhbeMKa TpacCEepHBIX YaCTUI]
ocymiectBisiiack CCD-kaMepoii ¢ pa3pelieHueM
2560 x 2160 nmukc u r1yonHoM uBera 16 out. ITmoc-
KOCTh U3MepeHus Obljla OpUEeHTUPOBaHA Mapasjesb-
HO ITU1acTUHE U TepeMelagachk ¢ marom 0.05—0.1 mMm

I i
500

(@)

250
§200
100

.

200 300

X, MM

400

MEePIIEHANKYJISIPHO CTeHKe. 3Iech U Jajiee MpUHSTA
cucTeMa KOOpAWHAT, CBSI3aHHasl ¢ MepeaHeil KpoM-
Kot Momenu (puc. la). OcpegHeHUE XapaKTEPUCTUK
MOTPAaHUYHOTO ¢J10s1 ITpoBoauiaoch no 100—300 Mrao-
BEHHBIM ITapaM M300pakeHUil, perucTpUPYEMbIM C
yactotoii 15 I'u. TpaccepHble n300paxkeHUs1 ObUIU 00-
paboTaHBI € TIOMOILBIO KPOCCKOPPEISLIMOHHOTO aJIro-
pUTMa C OKHOM 12 MUKC, YTO 0OecrneyrBaio MpoCcTpaH-
CTBEHHOE pa3peleHue nojeit ckopoctul 0.36 MM.

PE3YJILTATBI U OBCYXIEHHWE

Ha puc. 3a mpencraBieHo cpeaHee IoJie CKOPOCTH
Ha PacCTOSHUU Z ~ 1.70; OT MOBEPXHOCTH TUTACTUHBI
IIpU BO30Y:KI€HUU B IOTPAHUYHOM CJIO€ CTallMOHAp-
HOWM MOZBI C IINHOM BomHbI 6.8 MM. HaGmiomaemast
CrCTeMa I10J0C BbICOKOM M HU3KOM CKOPOCTU COOT-
BETCTBYET CTalIMOHAPHBLIM BUXPSIM HEYCTOMYMBOCTU
nonepeyHoro redeHus1. [1poduiib CKOpOCTH 1O BHI-
COTe ITOrpaHUYHOTO CJI0S MOKa3aH Ha puc. 36. Benn-
Y1 HA MOAY/ISIIUM CKOPOCTH B IIOIIEPEYHOM HarpabJie-
HUM II03BOJISIET OLICHUTH aMIUIMTYAY CTallMOHApPHOMI
Moabl HeycToiiumBocTh. Ha pmc. 3B mokaszaH mpo-
CTPAHCTBEHHBIN CIEKTP BO3MYILIEHUS Ha PACCTOSIHUM
350 MM OT KpOMKM, Ha KOTOPOM 3aMETHO, 4TO IIepHr-
ol MOIYISILIMM CKOPOCTH COOTBETCTBYET paboueil
JJIMHE BOJIHEI akTyaTopa 6.8 mM. Ha HayaibHOM 3Ta-
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Puc. 3. Buzyanusaius cTallmoHapHBIX BUXPEl HEYCTOMYMBOCTHU TTOTIEPEYHOTO TeYeHMs (a), TpOod b CKOPOCTU B BOZMYIIICH-
HOM ITIOrpaHUYHOM cJioe (0) ¥ CIeKTpasibHasl IJIOTHOCTh MolitHocTH (PSD) mckyccTBeHHOIT MObI (B), BO30YKIEHHOI aKTya-
TopoMm npu x = 310 MM, z = 0.6 MM.
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Te pa3BUTHUS BO3MYIICHUM (M0 aMITIUTYIbl A, ~ 5%)
aMIUTATYAA BBICIIMX CTAIIMOHAPHBIX TADMOHMK HE TIpe-
BoitaeT 10% ot aMIuuTy bl rapMOHUKH ¢ 3 = 21t/A. Te-
Hepalys BBICIIINX TAPMOHUK HIDKE TI0 TTOTOKY OOBsIC-
HSIETCS HEJTMHEMHOCTBIO Pa3BUTHS BO3MYIIICHUM TIPU
OOJIBIIION aMIUTUTYIE CTAIIMOHAPHBIX BO3MYIIICHMIA.

Pacuer cpenHekBaapaTUyecKoit aMIUIUTYIbI A, BO3-
Oy>XmaeMoii MOJIbl OCHOBBIBAJICSI Ha CIIEKTPaJlbHOM
aHayiM3e MmaHopaMHbIX JaHHBIX PIV. UToObI KoJInye-
CTBEHHO OXapaKTepu30BaThb MOy HEYCTOMYMBOCTH Ha
3aJaHHOM PACCTOSIHUU OT MepenHell KPOMKHU, MpUMe-
HsJ1ach ciefyrouas npouenypa. M3 ocpenHeHHBbIX IO
aHcaMOJIIO MOJIE CKOPOCTH, colepxKallux uHGopma-
1IUI0 O CTAallMOHAPHBIX MOJAX, ITOCPEACTBOM CKOJIb3sI-
IIIET0 OKHa pa3sMepoM 15 X 35 MM oTciexuBanach 1Mo
BBICOTE U TIPOJIOJIbHOM KOOpAUHATe Tpyrina Buxpeit. K
BbIPE€3aHHBIM TAKMM 00Pa30M IOJISIM CKOPOCTU IIPUME-
HSUIOCh IByMepHOe npeodpazoBaHue Dypbe, 3aTeM T10-
JIydeHHbIE CHEKTPbl WHTETPUPOBAIIMCH B MHTEpBaJe

BOTHOBBIX uncen B/21 = 0.1-0.2 My~ w15t A = 6.8 MM

uB/2m =0.17-0.27 mm ' st A = 4.2 Mm. B pesyib-
TaTe OOpPabOTKMU MOJIydayics TMPOoPUIIb aMIUTATYIbI
MOJYJISILIMU CKOPOCTHU A(Z) (puc. 4a). Ero Makcumym
MPUHUMAJICS 32 aMIUIATYIy CTalIMOHAPHON MOJBI IIpU
JTaHHOM TIPOHONBLHOM KOOpIWHATe. DBOJIIOLUS 3TOM
MaKCHUMaJIbHOI aMILIMTYIbI CTAIIMOHAPHBIX BO3MYIIE-
HUI IIPU pa3IMYHBIX IJIMHAX BOJHBI BO30YKIaeMOi
MOMbI Y aMIUIMTYAAaX MUTAIONIET0 pa3psia Hampsike-
HUS ToKa3aHa Ha puc. 40, 4B. ILIITpnxoBeIMU JIMHUS -
MU Ha 3TUX PUCYHKaX IPEICTaBICHBI pe3yIbTaThl pac-
yeTa KpUBBIX HapacTaHWsl BO3MYILLEHUIA MO JIMHEHOM
TEOPUU TMIPOANHAMUYECKOI YCTOMUMBOCTHU B JIOKAIb-
HO TUIOCKOITapajuIeIbHOM IIPUOIKeHMU. BrmHo, 4To
MpY JUIMHE BOJHBI 6.8 MM, TIPUMEPHO COOTBETCTBYIO-
e TIeproay HanboJiee OBICTPOPaCTYILEHt CTallMOHAp-
HOIT MOJIbI, POCT BO3MYIIIEHUI 10 CpeaHEeKBaApaTHI-
HoIt aMIIUTYabl =10% COOTBETCTBYET IpeacKa3aHu -
SIM JIMHEITHOIM TEOPUU YCTOMINBOCTH. MOXHO TakKe
HaOMoIaTh, YTO C POCTOM AMILIUTYIbLI MUTAIOIIETO

(a)
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HaIPSDKEHUS YBEIMIMBACTCS HadajlbHAsI aMILUIATYIa
BOo3MylIeHU#. Ee olileHKa mocpencTBOM KCTpamnoJs-
LIM1 KPMBBIX HApacTaHUS B TOYKY YCTAaHOBKU aKTya-
TOpa COCTABISIET 10 2% OT CKOPOCTH HaOETaIOIIEro IT0-
ToKa. Jlasee BHU3 10 ITOTOKY HAOII0JAaeTCsI HACKILLIEHUE
pocta Bo3myiieHuii Ha paccrossHuu 300—400 MM ot
IepeaHeit KpOMKMU, a 3aTeM U ee cHuskeHue. [Tocnen-
Hee CBS3aHO C HAayaJIOM JIAMUHAPHO-TYpOYJICHTHOTO
nepexoa B IOrPaHUIHOM CJIOE U ITOSIBJICHUEM 100a-
BOYHOI TypOyJEHTHON BS3KOCTH, IPUBOASIICH K
JIVCCUIIALIMKM KPYITHOMACIITaOHbBIX BUXPEIA.

Ha puc. 5a npencrapiieHa aMIIUTyaa CTallMOHAp-
HOI1 MOIBI Ha pacCcTosIHUU X = 350 MM OT IlepegHeit
KPOMKM B 3aBUCUMOCTH OT MapaMeTPOB MUTAIOIIETO
HanpsikeHus. [ToBbllIeHWE YaCTOThl W MUTAIOIIETO
HaIpsDKeHUs YBEJUYMBAET aMIUIUTYAy BO30yXKiae-
MO MOJibl. 3aBUCUMOCTb aMIJIUTYbI A, OT TapaMeT-
POB pa3spsia MOXHO IIPENCTaBUTh Kak A, ~ AV — V)2,
rae f — yacroTra paspsiga, V' — nuTaroliee Hampsike-
HUe, V|, — HalpsDKeHMe 3aXKUraHusl. AHAJIOrMyHas 3a-
BUCHMOCTbD OT ITapaMeTPOB ITUTAIOIIETO HATPSIKEHUS
HaOmogaeTcss sl OObEMHON CWJIBI, CO3IaBaeMoit
TUTa3MEHHBIM aKTyaTOPOM MpPU HEOOJBIINUX MepeHa-
MPSKEHWSIX OTHOCUTEJIBHO TTopora 3aXKUTaHus pa3psi-
na. Ha puc. 56 moka3zaHa 3aBUCUMOCTbD TSITH aKTyaTopa
C JIMHEMHBIMU JIEKTPOJaMU OT YaCTOThI U HaIpsLKe-
HU4 pa3psina. Tdra aktyaropa F, olieHMBaJIaCh B JIBY-
MEpPHOI KOH(pUTYpalluu B HETTOABUXKHOM BO3AyXEe Ha
ocHoBe PIV-maHHBIX MeTOIOM OILIEHKHU OajiaHca IMOTO-
Ka UMITyJIbca B TIpUCTeHOYHOI oOnactu [10]. MoxHO
BUIICTh, UTO TSITa TaKXKe anIpOKCUMUPYETCsl KBaapa-
TUYHOU 3aBUCUMOCTBIO B 001aCTH HEOOJIbIIIMX IepeHa-
MpsDKeHUIt; Janee Ha pe3y/bTaThl BIUSET (huiaMeHTa-
s paspsina. MIsmMepeHust, BbIMOJTHEHHbIE IJ1s aKTya-
TOpa C OTPAaHUYEHHOI B MONEPEYHOM HarlpaBJieHUN
obnacThlio TopeHus pa3psiaa [ 18] (kpacHas 3Be3modyka
Ha puc. 50), IMOKa3bIBaIOT, YTO MpPU IIUPUHE OTBET-
HOTO BJIeKTpoJia Mmopsiaka 1 OoJjiee MIMHBI paspsiia
MPOIOJIbHASI COCTABJISIIONIAS TSITU aKTyaTopa OCTaeT-
Cs1 HEU3BMEHHOM.
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Puc. 4. [Ipodunb aMIIUTy bl MOAYISILIMU cKOpOCcTH (a): 1 — x = 283 mMm, 2 — 301, 3 — 319, 4 — 338, 5 — 356, 6 — 374; KpuBbIie
HapacTaHWs aMIUTMTYIbI CTAllMOHAPHOM ONTUMAaJTBbHOI (6) 1 cy6onTuManbHol (B) mom: I — V=3.2kB,2—3.6,3—4.0,4—4.4.
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Puc. 5. 3aBUCHMOCTH aMIUTATYIBI MOZBI (2) U TATH TUTa3-
meHHoro JIbP-akTyaTtopa ¢ 1nHeiiHbIMU 2J1eKTponamu (0)
OT MapaMeTpoB MUTAIIEro HanpsokeHus: (a) [ — f =
=42.5«lu, 2—91.5; (6) I —f= 10 kI'u, 2— 20, 3 — 63,
4—65,5—143,6— (V—=2.2)%, 7— (V= 2.2)*; cumBob1 —
JIByMepHast KOH(GUTYpaLus 3JIEKTPOIOB, 3Be3104YKa — TSI~
ra akTyatopa B KOHOUTYpalyu ¢ orpaHUYeHHON JUTMHOM
anekTpona [ 18].

OIHUM U3 KJIIOUEBBIX ITapaMeTPOB aKTyaTopa sIB-
JIIeTCsl aMIUIMTyAda MOPOXIAEMbIX UM IapasuTHBIX
HecTallMOHApPHBIX Bo3MylueHuli. B caygyae JIBP st
BO3MYIIEHHUS CBSI3aHbl C HECTAIIMOHAPHOCTbHIO pa3-
psina, BBI3BBAHHOM OJIy>KHaHUEM MUKPOPa3PsAOB IO
KPOMKE KOPOHUPYIONIETO 35eKkTpoaa. [1pu dombimx
DPACCTOSIHUSIX OT aKTyaTopa HeCTallMOHAPHOCTh pa3-
psiia IPUBOAMUT K BO30YKAEHUIO HECTAIIMOHAPHBIX MO
HEYCTOMYMBOCTHU TTOTIepeuyHOro TeueHus. x uHTteH-
CUBHOCTb HaXOAWJIaCh WHTETPUPOBAHUEM CIIEKTPO-
rpaMM MTHOBEHHBIX MMOJIEll CKOPOCTU U TTOC/IEAYIOIIUM
BbIUMTAHWEM YaCTU CUTHAJa, COOTBETCTBYIOIIEH CTa-
IIMOHAPHOM KOMIIOHEHTe TTyJibcanii. OLieHKa aMILI -
TYIIbl HECTAIIMOHAPHBIX MOJ, TIOPOKAAEMbBIX aKTyaTO-
poM, Obl1a MpoBeieHa MPY aMITIATY/IE MUTAIOIIEro Ha-
npsckenus 3.5 u 4.4 kB. Ha puc. 6 BUIHO, YTO aMIUIMTyAa
HeCTallMOHAPHbIX BO3MYILIEHUI TIpY paboTe aKkTyaropa
OKa3bIBaeTCs JIMIIIb HEMHOTUM BbIIIE “(DOHOBOK” am-
TUIMTYOBI Oeryiieil Moabl PU €CTECTBEHHOM YPOBHE
TypOYJIEHTHOCTH B YCTaHOBKE. DKCTPAMOJISILIUSI KpU-
BbIX HapacTaHUs 151 OEryIIMX U CTAllMOHAPHBIX BO3-
MYIIEHUI K TOYKE YCTAHOBKU aKTyaTopa C TTOMOIIIBIO
TEOPEeTUUYECKUX KPUBBIX HapacTaHUsI BO3MYIIEHU
MO3BOJISIET OLIEHUTh COOTHOIIEHME “CUTHA/IIIyM” KaK
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Puc. 6. Ammmryne 6eryimx A; (I) u cranmonapHbIx A (1T)
BO3MYILLEHUI B COOTBETCTBUU C JIMHEMHOM TEOpUEN YCTOM-
YMBOCTH. YaCTOTa MUTAIOIIETo HampspkeHuss — 92 kI,
CKOPOCTb ITOTOKa — 25 M/c, 11ar 3J1eKTpoaoB — 6.8 MM;
1 — teoperuyeckas kpuasi, 2— V=4.4kB, 3— 3.6, 4 —
pas3psia BBIKITIOYEH.

OTHOIIIEHNE J00aBJIEHHOI pa3psIoM HeCTallMOHAPHOM
KOMITOHEHTbI K YPOBHIO T€HEpPUPYEMOM WM CTalllio-
1

HapHO# Monbl S/N = A / (Afdis - Afref)2. ITonyueno,
YTO MPU MAaKCUMaJILHOM HAIIpSI)KEHU U TTUTaHUST, aM-
IUTATYAA TOMOIHUTEIbHBIX HeCTALIMOHAPHBIX BO3-
MYIIEHMU, co3TaBaeMbIX aKTyaTOPOM, COCTaBJISIET
10—15% ot aMIuIuTyasl reHEPUPYEMOIT UM CTalMO-
HapHOIT MOAbI. DTO O3HAYAET, YTO COOTHOIIIEHUE CUT-
HaJI/1IyM AJisl aKTyaTopa B YCJIOBUSIX JTaHHOTO BKCIIe-
puMeHTa cocrasisger nopsanka 20—16 nb. Crnenyer
OTMETHUTh, YTO JAJIbHEIIIIee MOBHIIICHNE HaIlpsKe-
HUSI TPUBOJAUT K KOHTPAKIIUU pa3psija B aKTyaTope.
Oo6paszoBanue GUIAMEHTOB, ITO-BUINMOMY, TTOPOXK-
JIaeT CUJIBHBIC JJOKAIbHBIE BO3MYIIIEHMS B BUIIE IIPO-
JIOJILHBIX BUXpEU, KOTOpble MPUBOAAT K “Oailimac”
Mepexoay HEMOCPEACTBEHHO 3a akTyaTopoM [19].

3AKJIFTOUEHHME

I1nasMeHHBIM aKTyaTOp ¢ CEKIIMOHHBIM MOICTU-
JIAIOIIMM BJIEKTPOIOM MOXKET ObITh UCTIOJIb30BaH 151
BO30YXIE€HUSI MOJ HEYCTOMYMBOCTU B TPEXMEPHOM
norpaHu4yHoM ciioe. [TonydyeHa MmakcrumasnbHas cpeli-
HeKBaJgpaTUyHasi aMIUIMTyda HavYaJIbHbIX BO3MYIE-
HU (HETTOCPEICTBEHHO 3a aKTyaTopoM) B 2% OT CKO-
pocTu Haberaloliero noroka. Ee mocratouHo ajs
YIpaBJIeHUs TIEPEX0/IOM KaK ITyTeM reHepalu UCKYC-
CTBEHHBIX BO3MYIIIEHUI B MPOTUBO(}a3e K €CTECTBEH-
HbBIM, TaK U 32 CYET FeHepalMy CyOKpUTUUECKOH MOJIbI
MEHbIIIEeTO Tiepuona. B mociaenHem ciiyyae TpeOyeTcs
00€eCIeuynTh MaKCUMAIbHYIO aMIUIUTYIY YIpaBisiio-
meit Monbl nopsinka 10%, 4TO BIONHE JOCTIKUMO
JlaxKe TIpU HEOOJNbIIOM ee Koa(dpUuilueHTe YCUJIeHUS.
Ne 6
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BO3BYXJIEHUE CTALIMOHAPHBIX MO/l HEYCTOMYMBOCTHU

HanbHeiilee yBeJMuyeHWEe aMIUTUTYAbl YITPABJISIOINX
BO3MYVIIECHUIA, €CJIV 3TO IOTPeOyeTCs, MOXET ObITh JO-
CTUTHYTO TepeMellIeHUEM aKTyaTopa BBEpX I10 ITOTO-
Ky, OJIM3Ke K TOYKE MaKCMMallbHOU BOCPUMMYHUBO-
CTH MorpaHuyHoro cjios. C pocToM aMIJIUTYIbl U
YacTOThl MUTAIOIIETO HAMPSI)KEHWST HayalbHAasl aM-
IUIMTYyAa BO30yXAaeMoii MOJIbl YBEJIMUYMBAaETCs KakK
A, ~ [V — V,)?. OyHKUMOHAIBHAS CBA3b aMILUTATYIbI
CTallMOHApHOI MoJbl HeycToiuuBocTu A(f,V) ¢ na-
paMeTpaMi MUTAIOLIECTO HANIPAXKECHU A COOTBETCTBYET
aHAJIOTUYHOM 3aBUCUMOCTH JUISI TSITH TIJIa3MEHHOTO aK-
TyaTopa. OLIEHEHO COOTHOIIIEHUE CUTHAJI/IIyM ISl
IJIA3MEHHOTO aKTyaTopa, KOTOpO€ MOHMMAeTCsl Kak
COOTHOIIIEHUE aMILTUTYIbI OETYIIX BO3MYILIEHU, MO~
pOXIaeMbIX aKTyaTOPOM, U CTallMOHApHOU Monbl. B
JAHHOM KCITepUMeHTe OHO cocTaBuiio 16—20 nb.

Pa6ora BeITTONTHEHA TpM TToaIepKKe rpaHTa Poc-
cuiickoro HaydyHoro ¢onHaa (Ne 20-79-10372).

O6o3Havenus. U; — cCKOpoCTb HabETaoIIero Mmo-
TOKA; X, ¥, £ — NPONOJIbHAA U TEPIEHINKYISIPHBIE
CTEHKE ITOTIePEIHBIC KOOPIMHATHI OTHOCUTETBHO TTe-
peaHeil KpOMKU; U, vV, W — KOMIIOHEHTbI CKOPOCTHU B
cucTeMe KOOpauHar (x, y, 7); f — 4acToTa IMUTarolIeTro
HaIIPSKEHWST; V' — aMIDIATYyIa TUTAIONIeTo HaIlpsiKe -
HUS; O, [} — KOMIIOHEHTBI BOJIHOBOTO BEKTOPA; A, A, —
CpemHeKBaapaTUYHAs aMITIUTYIa CTAllMOHAPHBIX 1 Oe-
TYIIMX BO3MYILIEHUiA, oTHeceHHasi K Uj; 9, 0, — TOJIIIK-
HBI BBITECHEHUST M TIOTEPU WMITYJIbCA TIOTPAaHUTIHOTO
CJI0ST; U, — MAKCUMYM NPOMUIIS CKOPOCTH TIONIEPEY-
HOT'O TEUEHMUST; A — IMePUOI SJIEKTPOIOB aKTyaTopa.
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