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I'EHEPATOP C KOAKCHAJIBHBIM PE3OHATOPOM

Aemozenepamopsl Hawu WUPOKOe NpuMeHeHue 8 NPUEMHO-nepedaroujell annapamype cesi-
3U, HasU2AYUYU U PAOUOLOKAYUU, MAK KAK ONPeoensiom ux cmabuibHOCy, MOWHOCHb U Opyaue
sagcuvle napamempol. O6beKMoM UCCIe008aHUss 8 OAHHOU pabome SIAemcst 2emepoOUur U3 Co-
cmasa ananuzamopa cnexmpa C4-60. Ilockonbky mexnuueckoe onucanue 3moeo npubopa He co-
oeparcum psi0 BAJICHBIX NAPAMEMPOS, Yelblo UCCLe008ANUS S6ISeMCsl UCCIe008aHUe 8blbe2a Ydc-
Mombl, 3a8UCUMOCIU YACMONbL OM HANPSIJICEHUs. NUMAHUSL, YPOGHsL 2apMoHuK. [Ipusedenvt npun-
YUNUAIbHASL CXeMa U KpamKoe Onucanue KoHcmpykyuu 2ewepamopa. Ilposederno modenupoganue
KoakcuanbHo2o pezonamopa 6 naxeme Microwave Office. Ilpusedena amniumyoHo-4acmomuas
Xapaxmepucmuka pesonamopa. Ilpedcmagnenvi pe3yibmamol IKCNEPUMEHMANLHO20 UCCAe008d-
HUsL agmoeenepamopa. Jlana oyenka napasumubix Rapamempos 8 CHeKmpe 8bIXOOH020 CUSHAIA.
H3zmepenvl gvibee uacmomul u MOOYIAYUOHHAS XAPAKMEPUCIMUKA NO Yeny Numanus. mu OaHHwle
no36807110M NPedvEUMb 000CHO8aHHOe Mpebosanue K CMAOUIbLHOCIIU RUMAIOWe20 HaANPANCEHUS.
Tonyuennvie pezynromamovl Mo2ym Obimb  UCHONb306AHbI NPU  NPOCKMUPOSAHUU NPUEMO-
nepeoarowell annapamypsl CA3U, HAUAYUY, PAOUOINEKMPOHHOU 00pbObl. Cmamwvs Mmodrcem
ObImb NONE3HA CIYOESHMAM U NPenooasamenim y4eOHvixX 3a6e0eHull npu yueOHoM NpoeKmuposa-
HUu npuémo-nepedaioweli annapamypol. [JocmueHymeol ciedyloujue 21eKmpuiecKue napamempol:
— pabouas yacmoma 1500 £1,5 MI'y; — evixoonas mowHocms He menee 13 0Bm; — nanpsicenue
numanusi munyc 12,6 B; — mox nompebnenus ne 6onee 60 mA; — svibee wacmomut 3a 24 murymol
nocne skniouenus He 6onee 325 kly, — yxo0 wacmomol npu U3MeHeHUU HANPSAICEHUsT OMm MUnyc 5 B
00 munyc 13 B ne 6onee 241 kl'y.

Tenepamop; cmabunuzuposannblii KOAKCUATLHBIM PE30OHAMOPOM; IKCNEPUMEHN; MOOYIs-
YUOHHASL XaPAKMEPUCMUKA;, 8b10€2 YacmOombl; WUPUHA CNeKMPA; YPOBEHb 2APMOHUK.

D.E. Gubarev, A.N. Zikiy, A.S. Kochubey
GENERATOR WITH COAXIAL RESONATOR

Autogenerators have found wide application in the receiving and transmitting equipment of
communication, navigation and radar, as they determine their stability, power and other important
parameters. The object of research in this work is a 1.5 GHz heterodyne from the C4-60 spectrum
analyzer. Since the technical description of this device does not contain a number of important
parameters, the purpose of the study is to study the frequency run-out, the frequency dependence
on the supply voltage, the harmonic level. A schematic diagram and a brief description of the gen-
erator design are given. The simulation of a coaxial resonator in the Microwave Office package is
carried out. The amplitude-frequency characteristic of the resonator is given. The results of an
experimental study of a 1.5 GHz autogenerator are presented. The estimation of parasitic parame-
ters in the spectrum of the output signal is given. The frequency run-out and modulation charac-
teristic along the power supply circuit were measured. These data allow us to make a reasonable
requirement for the stability of the supply voltage. The results obtained can be used in the design
of receiving and transmitting communication equipment, navigation, electronic warfare. The arti-
cle may be useful for students and teachers of educational institutions in the educational design of
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receiving and transmitting equipment. The following electrical parameters have been achieved:
— operating frequency 1500 1.5 MHz; — output power of at least 13 dBm; — supply voltage minus
12.6 V; — consumption current no more than 60 mA; — frequency run-out in 24 minutes after
switching on no more than 325 kHz; — frequency departure when the voltage changes from minus
5V to minus 13 V no more than 241 kHz.

Generator stabilized by a coaxial resonator; experiment; modulation characteristic; fre-
quency run-out; spectrum width; harmonic level.

Beenenne. Crabmnmzamus gactoTel reHepaTopoB CBU sBisiercst akTyaibHOH 3a-
nadeid ¢ 30-x romoB 20 Beka 1o Hacrosiee BpeMs. Haimnune oOmMpHON UTEpaTyphl, B
TOM umuciie MoHorpaduii [1, 2], yaeOubIx mocobwmii [3, 6], cTareii [7], matenros [8], muc-
ceprauuii [9-15], noaTBepkaaeT 3HAYMMOCTh U HEOOXOJUMOCTh ITPOBEICHUS HCCIIENO0-
BaHUIl 10 TaHHOMY BOIIPOCY.

Llenbto naHHO# PabOTHI SIBNISETCS MCCIIENOBaHUE TPAH3UCTOPHOTO I'eHepaTopa
CBY, cTabnim3npoBaHHOTO KOAKCHAIBHBIM pe30HaTOpoM. OOBEKTOM HCCIIEAOBaHUS
siBsiercst aBroreHeparop 1,5 I'T' u3 cocraBa ananuszaropa crekrpa C4-60 [16, 17].

Br100p KOaKCHAIBHOTO PE30HATOPA B JAHHOM CIIydae CBS3aH C TE€M, 4TO JpyrHe
crocoOrl cTabmmmzarnun 4actoTel 1,5 [T cymectBenHo crnoxkaee. Hampumep, kBapiie-
Basi CTaOWIM3AIMS YaCTOThl TpeOyeT MHOTOKPATHOrO yMHOXeHust yactotsl [5, 11]. Cra-
Onmnm3anys 9acTOThl AMAIEKTPHUECKUM PE30HATOPOM 3aTpyJHEHA B CBSI3H C TEM, UTO
CepHiiHbIC JMAICKTPUUECKUAEC PE30HATOPHI HE BBIMyCKaroTcs Ha yactoty 1,5 I'Tip [13].
Crabunmn3anus 4acToThl (GUIBTPOM MM JIMHHUEH 3aJIep>KKU Ha IMOBEPXHOCTHBIX aKyCTH-
gyeckux BosmHax ([TAB) Bo3MOXXHa, eciu JOCTyIHa CYOMHKpOHHas TexHomorus [15].
OpHako Ayt OOJIBIIMHCTBA MPENPUATHIH PHUOOPOCTPOUTENHEHOTO MPOQHIIS ITa TEXHO-
JIOTHSI HEAOCTYTIHAS.

CxeMa U KOHCTpYKIMs. ABToreHeparop Ha yactoty 1,5 I'T11 moctpoen mno cxeme,
MIOKa3aHHON Ha puc. 1. AKTUBHBIM 3JIEMEHTOM IeHeparopa sBisercs TpaHuctop T1
tuna 2T640A2 [18]. Ero xoyutekTop 3a3eMiEH, SMUTTEP CBSI3aH C KOAKCHAIBHBIM PE30-
HatopoM D1, a BBIXOJ clenaH U3 nenu 0a3bl. B menu mutaHus ycTaHOBICH TPEX3BCHHBIN
¢ubTp HIKHUX YacToT. CMmemieHne Ha 0a3zy oOecrieunBaeT AEIHUTeNh HANpsOKEHHS Ha
pesuctopax R2, R3. ®oto reHeparopa co CHATOH KPBIIIKOH MOXHO BHICTH Ha PUC. 2.

Pe3onarop npezncrasiser cob0it 0Tpe30K KOAKCHAIBHOM JIMHUH, 3aKOPOUYEHHBIH ¢
OITHO¥ CTOPOHBI, © MMEIOIHIA EMKOCTHOHN 3a30p hl ¢ KpBIMIKO# ¢ APYyroil CTOPOHBI
(puc. 3). Pe3oHaHCHYIO 9acTOTY pe30HATOpPAa MOXKHO MOJICTPAUBATh B HEOONBIINX Mpe-
nenax m3MenenuneM paccrosaus hl. Koprmyc pesonaropa M3roTtoBieH W3 HHBapa W MO-
KpBIT cepeOpoM. [ moBbIIeHHs T0OPOTHOCTH PE30HATOPA €r0 BHYTPEHHHE ITOBEPXHO-
CTH PEKOMEHIYeTCs TIOIUPOBATh.

Puc. 1. [lpunyunuanenas cxema eenepamopa 1,5 I'T'y

90



Pazpen Il. Dnekrponrka, HAHOTEXHOJIOTHH U IPHOOPOCTPOCHHE

Puc. 3. Domo zenepamopa co cHamotl KpbIUKOU CO CIOPOHbL KOAKCUATLHO2O0
pesonamopa

A
!
h1

20,5
19,3

Puc. 4. Pezonamop 6 paspese c pazmepamu

MopaenupoBanue pezoHatopa. MojenupoBaHHe Pe30HATOpa MPOBOAMIOCH C Iie-
JIbIO OTIpeZiesIeHus] EMKOCTH, BKIIOUEHHOW MEX]Y LIEHTPaJbHBIM IIPOBOJJHUKOM PE30Ha-
TOpa U ero KphIkoid. MomemnpoBaHie pe3oHaTopa MPOBOAWIOCH B cpexe Microwave
Office [19, 20] (MWO). OTiauuuTensHOM 0COOCHHOCTHIO ATOW MOJIENHU SIBISETCS EMKO-
CTHAs! CBSA3b PE30HATOPA C HCTOYHMKOM CUTHaJla U Harpy3Koii, TorJa Kak Ha puc. 1 cBs3b
pe3oHaTopa ¢ TPaH3UCTOPOM SIBIISIETCS MHIYKTUBHOM. Takas 3aMeHa CBs3aHa C TeM, UTO
B MWO cBsi3anHbIe JIMHUK JO/DKHBI OBITH OJHHAKOBBIMU. MOJIEb pe30HATOpA MPHBE-
neHa Ha puc. 5. [ToakmodeHne HCTOYHNKA CUTHAIA H HATPY3KH K KOAKCHAIly OCYIIEeCTB-
JISIETCsl Ha PAcCTOSIHUM 2 MM OT 3a3eMJIEHHOTO KOHIA. Hactpoiika pe3onaropa Ha 4acTo-
1y 1,5 I'T1 ocymecTBisiachk myTéM BapHaruu EMKOCTH MEXITY Pa3OMKHYTHIM KOHIIOM
LEHTPAIBEHOTO MPOBOJHUKA M KPBIIIKOW. Y IOBIETBOPUTENBHBIH Pe3yIbTaT HACTPOMKH
pe3oHaropa Ha vactoTy 1,5 [T 661 momyden npu émkoctu Cl = 3,67 nd. IIpu stom
pe30HaHCHAsI KpUBasi UMEET BUJI, TIOKa3aHHBIN Ha puc. 6.

[lepBrIil SKCIEpUMEHT MPOBOAMIICS TI0 M3MEPEHHIO BBIOETA YaCTOTHI ITOCTIE BKITO-
YeHus ¢ maroM B 1 MuHyTY. Pe3ynpTaThl M3MepeHHs 4acTOTHI 3aHOCHIINCH B TaOmuIry 1.
ITo nanHbIM Tabm. 1 mocTpoeH rpaduk Ha puc. 8. M3 3TOro pucyHKa BUAHO, YTO TEMIIE-
patypubiid kodddumuent gactotsl (TKY) monoxurensHbiid. CpegHee 3HAYEHHE CKOPO-
ctH apeiida yacToThl 3a 24 MUHYTHI cocTtaBisier 13,54 kI i/muH.
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Puc. 6. AYX pezonamopa

IKCNePpUMEHT. DKCIEPUMEHT TPOBOIUIICS HA YCTAHOBKE, CTPYKTYypHAs cXema Ko-
TOpOH MpUBe/eHa Ha puC. 7.

AHanusartop cnextpa
GSP-827
WcTouHuk nuTanus | 1268

GPS-3303 reveparop |— —

YacToTomep
Y3-85/3R

Puc. 7. Cmpyxmypunas cxema uzmepumenvHol yCmaHo8Ku

BTopoii skcriepruMeHT MPOBOAMICS JJIsI CHATHS MOIYJIIIIMOHHON XapaKTEPUCTHKH
reHepaTopa 1Mo MUTAHHUIO. Pe3ynbTaThl M3MEpEeHU 3aHOCHIUCH B Tabm. 2. M3mepenus
npoBoamuich it Unut ot 6 1o 13 B ¢ marom 1 B. ITo ganabIM Tabm. 2 BBIMOIHEH rpa-
¢ux Ha puc. 9. U3 s10oro rpaduka BUAHO, YTO CPEAHSST KPYTH3HA MOMYIAIIMOHHON Xa-
pakrepuctuku cocrasisiet 34,43 xI'y/B.
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Tabnuma 1
Bri0er yacToThl
t, MMH fBoix, [T t, MUH fBeix, [T
5 1.498769 18 1.498973
6 1.498790 19 1.498984
7 1.498812 20 1.498997
8 1.498827 21 1.499009
9 1.498850 22 1.499020
10 1.498860 23 1.499031
11 1.498873 24 1.499042
12 1.498889 25 1.499053
13 1.498903 26 1.499064
14 1.498917 27 1.499074
15 1.498931 28 1.499084
16 1.498945
17 1498959 29 1.499094
Tab6muma 2

3aBHCHUMOCTD YaCTOTHI OT HANIPSIZKEHUs] MUTAHUS

Unwur, B fBeIx, I'T11

-6 1.499069

-7 1.499137

8 1.499188

-9 1.499232

-10 1.499261

-11 1.499285

-12 1.499300

-13 1.499310

fewix, MMy

1.4991

1.49805

1.49885
1.4988

1.49875
5 10

15

1. MuH

20

Puc. 8. Bvibez vacmomui

1.49935
1.4993
1.49925
14992
1.49915
1.4991

1.49905
13 12

1

-10

Unut. B

9

8

-7 6

Puc. 9. 3asucumocms vacmomoi ceHnepamopa om HAaAnpAMNCeHUs numaHus
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B TpeTtpem 3kcnepuMeHTe MPOBOAMIOCH (OTOrpaupOBaHNE CHEKTPA BBIXOAHOTO
curtana. Ha puc. 10 mpencraBneH cnekTp TpE€X rapMOHMK BBIXOJHOTO CHUTHAJIA U MX
abcooTHbI ypoBeHb. Ha puc. 10 xopomio 3aMeTHO, YTO ypOBEHb BTOPOI rapPMOHUKHU
HIDKE YPOBHS TPEThel, TaK Kak yroj OTCeYKH JUIsl TocieIHeld 0ojiee onTrMareH.

Mkr1 1.497 02 GHz
9.54

10 dB/div__Ref 20.00 dBm dBm|
Log

100
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-100 ] y
200

300

-400

500 ;
800

700

Start 10 MHz Stop 5.000 GHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 8.333 ms (1001 pts)

Puc. 10. Cnexmp svixooHo20 cuenana

B Ta0:1. 3 npHUBOIUTCSI CPAaBHEHUE 3aTAHHBIX M M3MEPESHHBIX TApaMETPOB I'eHepaTopa.

Tab6muma 3
OCHOBHBIE TApAMETPbI reHepaTopa
HaumeHnoBanue mapamerpa, pa3MepHOCTb 3amano U3mepero
Pabouas gactora, MI'11 1500+1,5 1499
BrixoaHast MomHocTb, 1bM 12,5 13
Briber gactoTsl 3a 24 MUHYTSHI, K[ 11 - 325
YX0[ 9acTOTHI IPH M3MCHEHUH HATIPSHKCHHS
nuTadug ot 6 10 13 B, xI'g B 241
Hanpspxerne nuranus, B -12,6 -12,6
Tok notpebuenus, MA 60 40
HomuHnaneHoOe conmpoTuBieHue Harpy3ku, Om 50 50

W3 310t TabnuIpl BUIHO, UTO BCE TPEOOBAHMS K T€HEPATOPY BBIMOIHAIOTCS. | eHe-
paTop peKOMEHIyeTCsl HCIIOIB30BaTh B KAUECTBE TeTEPOIHHA.

3akaiouenue. ['eneparop, cTaOMIM3UPOBAaHHBIN KOAKCHAJIBHBIM PE30HATOPOM Ha
gactote okono 1,5 I'T'y, uMeeT cienyromie napaMeTpsl:

¢ BBIOET 4acTOTHI 32 24 MUHYTHI TOCJIe BKJITIOUeHHS He Oonee 325 kI

¢ YXOI YacTOTHI MPU M3MCHEHUH HANPsDKCHUS MUTaHHUSA OT MHHYC 6 JO MHHYC
13 B coctaBun 241 xI'm;

4 ypOBEHb BTOPOM rapMOHUKHU HIXKE MOJIE3HOTO curHaia Ha 31 ab;

¢ ypOBEHb TPEThEH rapMOHUKH HUXE MOJIE3HOro curHana Ha 24,54 nb.

[lokazaHO JOCTHXKEHHE OTHOCHUTEIBHOW HECTaOWIBHOCTH 4YacTOTHl IOPSIIKA
+ 10*rpaznyc (pesoHarop u3 narymu). JlanbHeiflee TOBBILICHHE CTAOHIBHOCTH BO3MOXKHO
MyTéM TPUMEHEeHUsT 0oJiee CTaOMIBHBIX MAaTEpHAlIOB PE30HATOpa — MHBApa, CYIepHHBapa,
cTabWIIMHA, a TAKXKE TTOBBIIIIEHHEM JOOPOTHOCTH PE30HATOPA ITOJIHPOBAHIEM.

PanvkanbHOE TOBBIIEHNE CTA0OMIBHOCTH YacTOTHI (Ha TOPS0K U 00Jiee) BO3ZMOXK-
HO TIPH HCTIOJIb30BAaHUM JIPYTUX CXEMOTEXHHYECKHX M TEXHOJOTHYECKHX pEHIeHUH —
ITyTEM YMHOKEHHS YaCTOTHI KBapIIEBOI'O TEHEPATOPa, UCIIOIE30BAaHIEM PE30HATOPOB HA
[IOBEPXHOCTHBIX aKyCTUUECKHUX BOJHAX.
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JOTMYECKAS SYEMKA JIJI1 CBUC HA OCHOBE ITOJIEBBIX
TPAH3UCTOPOB C P-N-IIEPEXOJAMU

B 80-e 200v1 npowrnoco cmonremus 6 xauwecmee 31eMeHMHOU 0A3bL WUPOKO NPUMEHANACH
unmezpansuas unscexyuonnas nozuka (M2JI) Heckonbko nosonee & paseumue 603MONCHOCHEL:
HPT ons nocmpoenus CEUC nosgunacy unscexyuonno-nonesas no2uxa (MILJI). Brazodaps npu-
MEHEHUIO 8 Kauecmee KAye8o2o dNeMeHma UH8epmopa nojeo2o mpaH3ucmopd, 8 OaHHOM dJie-
MeHmHOM 6a3zuce yOanocs cywecmseenno cokpamums sadxcHulii onsi CBUC nokazamens — nompe6-
JISIeMYI0 MOWHOCHb — OOCMUSHY8 NUKOBAMMHO020 ouanasona. Ewe bonvuwiee chusicenue nompeo-
JISIeMOtL MOWHOCIU MOJicem Obimb OOCMUSHYMO UCNOIb308AHUEM 8 JJIeMEHMAPHOl SYeliKe UH-
6epmopa 08yX NOIEblX MPAH3UCMOPOE, KOMopoe npediazaemcs 8 Hacmosiyell pabome. Jlannuiil
neMeHmublLl 6a3UC NPEeONIONCEHO HA3LIEAMb NOEBOU-NOAEE0U TO2UKOU, UL 6 OdNbHeluleM I,
st cruicenus 2abapumog TIJI-nuetiku nonesvle Mpansucmopsl, Kax Kioueeol, max u Hazpysot-
Hblll, 6LINOJHEHBl C 8EPMUKATLHLIM Kananom. Kpome moeo, 01 obecneuenus nonoxcumenbHo2o
HAanpsAdcenus NUMAaHUs 8 Kawecmee Kioueso20 UCHONb3yemcs N-KAHALbHbIL MPAH3UCIOp, 8 Kade-
cmee Hazpy304Ho20 — P-KananbHwiti mpansucmop. Oba mpausucmopa AGIA0mcs HOPMAIbHO 3d-
KpbIMbIMU, M.e. 3aKPblMmbl NPU HYJIe60M HANPSIICEHUU HA 3ameope Kaxc002o u3 Hux. Paccmompe-
HbL monoao2uueckue sapuanmol svinonenus TPJI-suetiku om 2eoMempui ¢ KObYesbLMU 3amEo-
pamu 00 2eomempuuy ¢ AuHeuHviMuU 3ameopamu. Tononozuueckumu HOpMAMU, NPUHAMBIMU 8 PAC-
cmompenuu, sagasiomesi Hopmol 50 um. Ilompebasiemas MOwHOCMb 8 OAHHOM dTAEMEHMHOM ba3zuce
cHudicena no cpasneruio ¢ UIIJI npumepro 6 08a pasa, 61a200apsi momy, 4mo mox uepe3 Haepy-
304Hble MPAH3UCIOPYL, MAK JHCe, KAK U Yepe3 Kauesvle, 8 Yenouke UHEepmopos npomexaem de-
pes odun uneepmop. Paccmompen mexnonozuueckuii npoyecc useomoenenusn IP/I-sauetiku, pac-
cuumanvl npogunu pacnpedeienusn npumecell no enyoure. Texnonoeuveckuili npoyecc uz2omosie-
HUsL paspaboman ¢ y4emom mozo, Ymo HA2py304Hblll P-KAHALbHLIN MPAH3UCMOP O0NJICeH Oblmb
6bINONIHEH 6 U30TUPOBAHHOM KAPMAHe NO MEeXHOL02UU NOAHOU Oudekmpuieckol uzonayuu. Ipu-
6edennl mexronozueckue pexcumsl useomosnenus I-T-suetiku. Ipeonazaemviti KOHCMPYKMueHo-
MexHONoUYeCKUll 8apuanm TP JT-sieiixu mooicem Goimb pexomenoogan onsi cozoanus CHBUC ¢
HU3KOU NOmpebseMoll MOUWHOCHbIO.

Hnoicexyuonno-nonesas n102uxa,; UHMeSPaIbHAs UHICEKYUOHHAS 02UKA, NOe8ass-Nolesas
J02uKa; npo@uib pacnpeoenerHus npumect; NiOMHOCHb KOMROHOBKU, NOMPedasemMas MOWHOCb.
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