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PA3PABOTKA U UCCJIEJOBAHUSI TEHEPATOPOB HA JIABUHHO-
MPOJETHBIX JUOAAX U JTUOJAX TAHHA

Ilposedenvl  dKCnepumMeHmanvHvle  UCCIe008AHUS  CHEKMPALbHbIX U IHEPLemUudecKux
XapaxmepucmuK 2eHepamopos Ha IA8UHHO- NPOIEMHBIX OU0Oax U Ouodax I anHa cmaduruzupo8aHHo20
NONYOUCKOBBIM  JIEUKOCANGUPOBLIM  PE30HAMOPOM Ol pabomel 6 YCMAHO8Ke NO UIMEPEHUIO
aKyCmuyeckux KoieOaHui.

IIposeoeni excnepumeHmanbHi OOCAIOHCEHHS, CNEKMPATbHUX [ eHePeeMUYHUX XAPAKMePUCmuK
2eHepamopie Ha JABUHHO- NpoNimHUX Oiodax i diodax lanna cmabini308ano2o HaNiBOUCKOBUM
JIeUKOCanguposviym pe3oHamopom 0 pobomu 8 YCmaHo8yi o UMIpPY aKyCMU4YHUX KOTUBAHD.

ITocTanoBka npo0/eMbl

Omnpenenenne 31eKTpohU3MUECKUX TAPpaMETPOB CPE ABISETCS OJIHUM U3 BaKHBIX HAIIpaBJICHUI
COBPEMEHHOW pagro(U3NKH, PaINOTEXHUKH, MEJIULUHBI, OMOJIOTUN U JPYTHX OTpaciieil HayKu U
npombinuieHHOCTH. Co3nanne mpubopos, padoratonux B CBU m KBY-amama3onax, criocoOHBIX
OTIpeeNIATh, KOHTPOJIUPOBATh U IO JaHHBIM HAOIMIONCHHWN aBTOMATUYECKH MPUHUMATh DPELICHUS
OTHOCHUTEJIBHO COCTOSTHHS (PM3MUECKOro OObEKTa WIIM OKPYKAIOUIeH Cpelbl, SBISAETCS OCHOBHOU
TEHJICHIINEW COBPEMEHHOTO MPHOOPOCTPOEHHUS. DTO CBSI3aHO M C Pa3pabOTKOl HOBBIX METOJIOB
ompeneneHuss IudNIeKTpudeckoi nporunaeMoctd (JI1) MUKpOOOBEKTOB KUBOTHOBOACTBA. K
HACTOSIIIIEMY BpPEMEHHM OTCYTCTBYIOT PE€3YJIbTaTbl MCCIIEAOBAHUN IO CO3JaHUIO0 I'€HEpaTOpOB Ha
ocHoBe /[P B xoporkoBosnHoBOM wactu (KBY) mm nmama3ona, rje 4acTOTHbIE U SHEPreTUYECKHUE
XapaKTePUCTUKU aKTUBHBIX JIEMEHTOB MPHOINKAIOTCS K IPEACTHHBIM BEITHUNHAM.

AHaJIN3 NpeJecTBYIIUX HCCIeI0BAHUM

st uamepenus J{I1 HanOomnee TOYHBIME SIBIISIIOTCS. PE30HAHCHBIE METO/BI C MCIIOJIB30BAHUEM
00BbEMHBIX, OTKPBITBIX U AMAIEKTpHUECKUX pe3oHaTopoB [1]. Teopermueckre OCHOBBI METOOB
usMepennii 3HadeHuidd [[I1 ¢ wcmonb3oBaHMeM pe30HATOPOB oOToOpakeHhI B padorax [2, 3].
OkcnepuMeHTanbHble n3Mepenus 11 BemecTB ¢ MajabIMU U OOJNBIIMMH MOTEPSIMHU C IPUMEHECHHEM
PE30HAHCHOTO METOoJa MPUBEICHBI B padoTrax [2]. PesonancHsiil meton m3mepenus [I1 ocHoBaH Ha
M3MEPEHUH CMEIIEHUS YaCTOThl FeHepaTopa Mpyu BHECEHUH B 00BEM M3MEPHUTEIBHOTO pPe30HaTopa
uccienyeMoro oownekra. IIpoBeneHHbI aHanu3 pabOT MOKaszall, YyTO TOYHOCTH u3Mepenuit JII1
3aBHCUT OT CTAaOWMJIBHOCTH YacTOTHI T€HEpaTopa M TOOPOTHOCTH HM3MEPHUTENBHOTO pe3oHaropa. B
HaCTOsIlee BpeMsl pa3paOOTaHbl pa3IUYHbIE METOJbl M CXEMbI IOCTPOEHUS BBICOKOCTAOMIIBHBIX
JTMOAHBIX reHeparopoB (auoael 'anna — JII, naBuHHO-nponéTrHble nuonsl — JIII/L), ocHoBaHHBIE Ha
NPUMEHEHUU TMapaMeTPUYECKOH CTaOWIM3aliy 4acTOThl BBICOKOIOOPOTHBIMH pPE30HATOpaMH, Ha
YMHOXXEHHH YaCTOTHI BBHICOKOCTAOMIIBHBIX KBApIIEBBIX I'€HEPATOPOB, HAa MCIIOJIIB30BAaHUM BHEIIHEH
CHHXPOHH3AIMK, Ha MPUMEHEHUH CHCTEM aBTOMOJACTPOMKH 4yacToThl M (asbi[4, 5]. Beibop Toro
WIM WHOTO METO/a CTaOWIM3alliy 4acTOThl TeHepaTropa 3aBUCHT OT TPEOOBaHMMU, MPEAbABISEMbIX
K U3MEPUTEIbHOW CHCTEME, TAKUX KaK CPEIHsS 4acTOTa, KPAaTKOBPEMEHHAs M JOJTOBPEMEHHAs
HECTA0WJIBHOCTh YacTOThI, BHMJI aKTMBHOTO 3JIEMEHTA aBTOI€HEpAaTopa, CIEKTpajbHasl IJIOTHOCTH
MOIITHOCTH (Pa30BbIX HIYMOB, JMANa30H MEPEeCTPOHKH, YPOBEHb BBIXOJHON MOIIHOCTH CHUTHAjAa,
rabapuThI U BeC.

Lenp craTbu. OKCHIEPUMEHTAIBHBIE MCCIEAOBAHUS CIEKTPAJIbHBIX U JHEPreTUYECKUX
XapaKTepUCTHUK FeHEPaTOPOB Ha JIABUHHO- MPOJIETHBIX AU0AaX U Anoaax ['aHHa cTaOMIN3UPOBAHHOTO
HOJTYIUCKOBBIM JIEHKOCAaN(PUPOBBIM PE30HATOPOM.
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OcHoBHast 4aCTh.

HccnenoBanus mpoBoawiIKch Ha nonyauckoBoM JIP w3 neiikocandupa npousojactsa HTK
(MuctutyT moHokpuctaiuioB HAH VYkpaunsl). Pesonartop umen cienyroolpe reoMeTpHYecKue
pasmepsl: quamerp D= 20 MM, TommuHy L =2MmM. OTKJIOHEHUE TEOMETPUUYECKOH OCHU OT
Kpuctayuiorpaduueckoi (ONTUYECKOH) OCH COCTABUIIO IMATh YIJIOBBIX MHHYT. J{MdIeKTpruecKue

NPOHMIIAEMOCTH U TaHTeHC yrma motepb: &, =9.4; g =11.54; tans=5-10". CoOcTBenHas

4
no6potHOCTh pesonaropa (J, =2x10".

KonctpykTuBHas cxema reHepatopa Ha JIIIJ[ co cTaOumu3upyromuM  THOJTYAHUCKOBBIM
JMBJIEKTPUYECKUM pe3oHaTopoM Ha Bonue [, , mpuBeneHa Ha puc.l, a oOmmii B Ha puc. 2.
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Puc. 1. KoncrpykTtuBHas cxema reneparopa Ha JII1/]

Puc. 2. O6muit Bua reneparopa

[TomynuckoBblif  pe3oHatop 1  ycTaHaBIMBaJCS Ha  METAJUIMYECKOM  3epkaie 2.
[TosrynpoBOIHUKOBBIE IHO/BI pa3MELIAlOTCs B 00JaCTH MaJeHUs BOJHBI «IIEMYYIIeil rajgepen» Ha
3epKajlo, KOTOpPO€ MOXeT OBbITh PpaguaTopoM Ul OXJAXKACHUS TIe€HepaTopHOro auoaa. B
uccieryeMoM reHeparope kopmycupoBanubiid JIIIJ] 3 tuma 2A 757 A momemiaiics B IICHTpE
IIUPOKON CTEHKH MPsSMOYrojdpbHOro BoiHOBona 4 ceuenuem 3,6 x 1,8 MM, OTKpBITBIN KOHeIl
KOTOPOr0 Ha METaJNIMYECKOM 3€pKajleé pe30oHaTopa 0O0pa3oBbIBAJI CYKEHHYIO IEIb CBS3U 5 C
pasmepamu 3,6 x 0,1 mMM. Mexanuueckas nepectpoiika dvactorel [JIIIJ[ ocymecTBisiiack
nepeMenieHueM TOoJyAUCKOBOTO pe3oHaTopa 1 OTHOCHUTENBHO IIETU CBS3M D. DJIEKTpUYecKas
JUTMHA JTUHUKA Mexay menbto csizu u JIII/] perynupyetcs crep:kHeM u3 candupa 6, BBOZUMOTO B

N¢07 (101) 2012 SHEPIOCBEPE>XKEHUNE * SHEPIETUIKA e SHEPIOAYAUT

67



68

HTN N SO®MEKTUBHOCTL NMPOVN3BOACTBA

MOJIOCTh  pe30HaTopa TeHepatopa. J[msi momydeHWss MaKCHUMalbHOW MOIIHOCTH B HArpy3ke
UCIIOJIB3YETCS COTJIACyIoIIee yCTpOMcTBa 7. DJEKTpUYecKas IMepecTpoiika 4YacTOThI I'eHepaTopa
OCYILECTBIISIaCh BapakTopHbM auoaoM 8 Ttuma 3A 639 B, koTopblil pacmonaraicst B LIEHTpe
IIUPOKOW CTEHKH TMPSMOYTOJIBHOTrO BOMHOBOJMa 9 ceueHueM 3,6 X 1,8MM, OTKpPBITHI KOHeEIl
KOTOPOTO0 Ha METAJUTMYECKOM 3epKajie pe3oHaTopa 00pa3oBbIBANI 3ayKeHHYIO mmienb cBsizu 10 ¢
pasmepamu 3,6 x 0,1 MM CHMMETPHYHO IICJIM 5 OTHOCHTEIBHO LIEHTPA 3epKaja IOJIYAHUCKOBOIO
pesonaropa. llemn 5 unl0 pacmonmaramuch Ha paccTosHHMM 8.5 MM OT LEHTpa NOJyIHCKa
napajuielbHO €ro pajuycy. BapakTop moMmemiancs Ha paccTosHHM [ OT pe3oHaTopa, a Ha

paccrostauu [ , OT BapaKTOpa MOMEILEH KOPOTKo3aMbIKatouuii mopiuens 11. Tok muranms va JIIIJL

I, w nanpsxenne nuranus U, Ha BapakTOp IIOAABANKMCh C MCIOIB30BAHHEM IONCPEUHOI

HEOJTHOPOJHOCTH B BHJIE MHAYKTHBHBIX IIThIped 12,13, pacmoaoeHHBIX B KOAKCHATBHBIX JTHHHSIX.
[Mutanue na JIIJ] oTnaercs oT UCTOYHUKA CTAOUIM3UPOBAHHOTO TOKA.

HcTouynukom Kosie0aHMM CIY>KUT KIMCTPOHHBIM TreHepaTop cornacoBaHHelii ¢ CBY
TPaKTOM TpU TOMOINM BeHTWIEH arTeHroaTtopa. CurHalm ¢ reHeparopa MHIOO0pPa3HOTO
HANpsDKCHUST OJHOBPEMEHHO MOCTyMaeT Ha oTpaxarenb kiuctpoHa u ociuiorpad (MIT) C1-
54. MopaynupoBaHHbIE TIO0 YacTOT€ PaJAUOUMIIYJILCHI 4epe3 (eppUTOBBIC BEHTHIIM, ATTEHIOATOP,
UPKYJISATOP, U3MEPUTEIBHYIO JIMHHIO B cTabunusupyronmii pezonatop (CP). Otpax&HHBIA OT
CP curHan uepe3 U3MEPUTEIBHKIO JIMHUIO M LUPKYJISATOP HPOXOJUT B CXEMY, COCTOSIIYIO W3
aHanmu3atopa crekrpa (AC) C4-27, netekTopa, W H3MEPHUTENIBHOTO MocTa. Eciam pe3oHarop
HACTPOEH B PE30HAHC, TO HA dKpaHe ocuuwuiorpadga BO3HUKAET BCIUIECK, MOBTOPSIOMUN (opmy
pe3oHancHou kpuBoil CP. Ompezensisi 4acTOTy CHTHaja ¢ TMOMOIIBIO BOJHOMEpAa W IIMPUHY
PE30HAHCHOM KpHUBOW HAa  YpPOBHE IIOJOBUHHOM  MOIIHOCTH, BBIYMCIISIEM  BEIUYUHY
nobpotHoctu CP kak oTHOIIEHUE

Jo
Af

AOCONIOTHAST TTOTPENTHOCTh M3MEpeHus: NoOpoTHOCTH He mpeBbimaer 5-10 %.
Koaddumment ces3u onpexpensics no uzmepenHoir BennmunHe KCBH umo pe3onaHcHoi
KPUBOW Ha ocruuiorpade.

D¢ PEeKTUBHOCTH CBS3M PE30HATOPA C JTMHUEH Nepeiaun XapakTepu3yeTcs K03 pUuueHToM
cBsasu [3, ompeiensieMbIM Yepe3 CoOCTBEHHY0 JOOPOTHOCTL (), PE30HATOPA U HATPYKEHHYO

0= 1)

I00pOTHOCTB (J, COOTHOLIEHHEM

Qo :Q1(1+ﬁ) (2)

CP Bo3Oyxmancs mocpeactBoM 1menu cBszu 5. Ilenbto cBsizu B momyauckoBoM 1P

BO30YXIAJIUCh ] E, KoJiebanus B mmoioce yactotr 6977 '

B auamazone ot 69 mo 77 I'T' crekTp BbIHYKIEHHBIX KojeOanuii JIP mpopexkeH u B HEM
COZIEpKaTCsA B OCHOBHOM BBICOKOJOOpOTHBIE [E |, KOneOaHus.

[TockoJIbKY 10 HACTOSIIEr0 BPEMEHU OTCYTCTBYIOT TOUHBIE METOJIBI pacuéTa MoJyaUCKOBOTO
JIP oco0oe BHUMaHuE YAENSAIOCh MIEHTU(UKALUK THUIIOB KoJeOaHW MO pe3yjbTaTaM aHalu3a
pacmpeneneHusi moyieii BONMM3M pe3oHaTopa. B pe3ynbrare SKCIEpUMEHTa PEruCTPUPOBAIHCH
a3UMYTaJIbHBIH MHICKC # KoJcOaHus (KOJUYECTBO IMOJIYBOJIH, YKJIAJBIBAIOIIUXCS MO nepudepun
nonyauckoBoro KJIP), pe3onaHcHas uactoTa, ypoBeHb cBsi3u ¢ BHemmHuMu CBUY-tpakTamu,
IIMPUHA PE30HAHCHOW XapaKTePUCTHUKHA MO YPOBHIO MOJOBHHHOM MOIIHOCTU. /[l TOYHOrO
ompesieNieHus] JOOPOTHOCTH HWCIONb30BAINCh KaTUOpPAIMOHHBIE METKH aHaju3aTopa CIEKTpa.
DKCIEepUMEHTAIBHO W3MEPEHHAs! MaKCUMallbHAsl BEJIMYMHA HATPy>KEHHOU JOOPOTHOCTH COCTAaBHIIA

0O, =7500 na wacrore 74,2780 I'T'w.

TunuuHOM OCOOEHHOCTBIO 3aBUCUMOCTH I[O6p0THOCTI/I pe30oHaTopa OT a3UMYTAJIbHOI'O
HHACKCA Q(n) ABJIICTCA POCT I[O6p0THOCTI/I, CMEHSIOLIMHCS 00J1aCTBIO HaCbIIICHUA Ha Ooiee
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BBICOKMX dYacToTax. ['paHMIa MEXIy STUMM XapaKTEepHBIMU OOJACTIMH COOTBETCTBYeT N=28
duznyeckas IpUYMHA 3TOMY SIBISIETCS M3MEHEHME J0JIM PaJMallMOHHON JOOpOTHOCTH B 0OIIEH

JOOPOTHOCTH PE30HATOPA.

Ha puc. 3 mpeacTaBieHbl pe3yabTaThl HCCICIOBAHUS 3aBUCUMOCTEH PE30HAHCHOW YaCTOTHI
f (puc. 3a), xoopduuenta ceszu [ menu ¢ konebanusmu B JIP (puc. 36) u Harpy:keHHoii

T00OpPOTHOCTH Q, (puc. 3B) OT KOOpIMHATBI X, ILEIH CBS3H.
Ha puc. 3.

PE30HAHCHON YacTOThl HAONIOMAeTCs TMPH PACIONIOKEHUU IIENH CBSI3H,
Han6Ooiee 23 PexTHBHOMY BO30YKICHHUIO KOieOaHmii ¢ HanOOIBIIUM KO3(PPHUITMEHTOM CBS3H.
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Puc. 3. 3aBUCUMOCTH PE30HAHCHON YacTOThl, KO3(PUIIMEHTA CBA3H U
TOOPOTHOCTA OT KOOPAMHATHI IIEJIA CBS3U

OueBUHO, YTO HAMOOJbIIAS CBS3b C IMOJEM KOJCOAHHUI TOCTUIAETCS MPHU PACIOIOKCHUU
1Ie/M B 007aCTH HAaHOOJIbIICH HHTEHCUBHOCTH pe3oHaHcHOro nojisi CP. Pe3ynbraThl sKCriepuMeHTa
MoKa3ajii BO3MOXKHOCTh MEXaHHUECKOW mepecTpoiiku 4actothl (X1 %) cTabMIn3upoOBaHHOIO
reHepaTopa MpU MEepeMEeIICHUH IIeIH CBS3M BIOJb paJdalibHON KOOpAMHATHI. B skcrepumeHTe
HaOII0JaINCh KaK pexuMbl c1aboil cBsa3u (B < 1), Tak U cuibHOU cBs3u (S >1). Ha rpaduxe
noOpOTHOCTH HpH /3 > 1 HaOMrogaeTcss MUHUMYM, YTO CBSI3aHO C BBICOKMMH HOTEPSAMH SHEPTUH
IPU PACCESTHUU OT KPaeB ICIIH.

'apmonuku  omopHoro cmemmuBaeTca ¢ BbixogHou yactoroud [JIIIJ]. PasnoctHas

4acToTa IMOCIe YCWICHHs TMOCTymaeT Ha mpubop U7-42, Ha BTOpOH BXOJI KOTOPOTO CHUTHAI
noctymaer or cuHTe3aTopal6-31. Ilpu paBeHCTBE HCCIEAYEMBIX YacTOT TPOU3BOJIUTCS
U3MEPEeHUEe HEeCTaOMIBLHOCTH YacTOThl. YTOOBI NMPOU3BECTH H3MEPEHUS BO BPEMEHHOW obiacTu
cuHTe3aTopoMU6-31,co3maéTcsi pa3HOCTHAsI YacTOTa, KOTopas u3MepsieTcss yactoromepoM43-64.
N3MepeHre MOIIHOCTH Ha BBIXOJE T'E€HEpaTopa OCYILIECTBIISIETCS BATTMETPOMIO
Pe3ynbTaThl  9KCIIEPUMEHTAIBHBIX ~ WCCIIEIOBAHHMA HECTaOMIILHOCTH

YaCTOTHI
CTaOMIIN3UPOBAHHOTO MOJTYJUCKOBBIM PE30HATOPOM IPUBEACHBI HA pHC. 4.

T

JlonroBpeMeHHas HeCTaGMILHOCTh YaCTOTHI F'eHepaTopa coctaBunaa 1c 107, a
KkpaTkoBpeMeHHas 3a 10 °c =5-107°.

BeiBOABI

Ha ocHOBaHMM NOJY4YEeHHBIX Pe3yJbTaTOB B YCTAHOBKE Ui OIpEJENICHHs MapaMeTpoB
aKyCTUYECKHX KoyeOaHuid ObUT co3laH reHeparop Ha auone 2A757A ¢ mapameTpamu:

— BBIXOAHAs yactoTa reHeparopa 74,2780 + 0,004 I'T;

— BBIXOJ{HAsI MOIITHOCTH TeHepaTopa 50...60 MBT;

— IMana3oH NepecTpOoKn YacToThl TeHeparopa 2 %;
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BUJIHA YETKas 3aBUCHMOCTH BBIHYXKICHHBIX KOJEOAHUN M HX BO30YXKICHUS
niesbio cBsizu B JIP OT e€ mosiokeHus 1Mo paguaibHOM koopauHaTe. HamOosbiee Bo3MyIleHHE

COOTBETCTBYIOLIEH
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— T10/1aBJICHHE TOOOYHBIX TAPMOHHK BBIXOJTHOT cuTHaia He MeHblie 40 nb;
— JI0JITOBpeMeHHas HecTabMIILHOCTh YacTOThI reHepaTopa 5-107° 3a 1c;

()
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Puc. 4. HectabunbHOCTh YacTOTHI TeHEpaTopa
Ha yactore 74,278 I'T
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DEVELOPMENT AND RESEARCHES OF GENERATORS ON AVALANCHE-
FLIGHT DIODES AND BULK NEGATIVE CONDUCTIVITY DIODES

N. P. KUNDENKO. Cand. Tech. Scie.
Experimental studies of spectral and power descriptions of generators are undertaken on ava-
lanche- flight diodes and bulk negative conductivity diodes steady-state a semidisk netikocanghupogvim

resonator for work in setting on measuring of acoustic vibrations
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