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C moMoIIbI0 MalIMHHO-OPHEHTHPOBAHHON METOJUKU aHaIH3a (UIyKTyaluil B Te-
HepaTOpHBIX cucTeMax [l] ompeneneHo BBIpaKEHHE JUIS CIEKTPa OTHOCHTENBHBIX
(yKkTyanuil 9acTOTHl BBIXOZHOTO CHUTHAla BOJOPOIHOIO CTaHAapTa. BeiaBieHO, 4To
OCHOBHOH BKJIaJ{ B UTOTOBbIC (NIYKTYallMH BHOCAT (IyKTyallUd BOJOPOJHOTO Masepa,
kBapieBoro reaeparopa, CBY npuemunka u BeIXogHOro OydepHoro ycummrens. IIpo-
AQHAJIM3MPOBAH CIEKTP (IyKTyallMid 4acTOThl BBIXOAHOrO cUrHaia crangapra VCH-
1003A (BPEMS-Y, Hmxnuit Hosropox) [2]. Ha wactorax mmxe 10T pesymsTu-
pYIOIIUI CHEKTpP ONpeAeNnseTcss BONOPOAHBIM Ma3epoM. Diykryaruu, BHocuMble CBY
IIPHEMHHKOM, CYIIECTBEHHbI B AHAa3oHe 4acToT 1072 — 1. BhICOKOYaCTOTHYIO BETBb
crekTpa (HaunHas ¢ 1I'1) mpakTHYeCKH MOJHOCTBIO OMMCHIBAIOT TEXHUYECKHE U eCTe-
CTBEHHBIE IITYMBI KBaPIIEBOTO TeHEPATOPa.

Beeoenue

IIpobnema co3maHuss BBICOKOCTAOWIIEHBIX HCTOYHUKOB aBTOKOJICOAHW MpHBENa K
HEOOXOJMMOCTH M3YYEHHS Pa3IMIHOTO poaa (IIYKTYyalMOHHBIX BO3JEHCTBHIA Ha MOJ00-
HbIe cUCTeMEl. [Ipu 3TOM 0JHOI U3 Hambojee BaXKHBIX SBIETCS MPOOJIeMa MOTydCHHS
CTaOMIBHBIX M JIOCTATOYHO MOIIHBIX aBTOKOJeOaHuil. CylIecTBYeT JiBa paclpoCTpaHEH-
HBIX CIOC00a e€ perIeHs:

*  CHHXPOHH3ALHS MOIIHBIX, HO HECTAOUIBHBIX aBTOICHEPATOPOB ITAIOHHBIM CUTHAJIOM
— cTabHIBHBIM MaJOMOIHBIM HCTOYHUKOM;
*  coBMecTHas paboTa HECKOJBKHX TAJOHOB, B3aHMOCBSA3aHHBIX TAKUM 00pa30M, YTOOBI

UX CBS3aHHBIC KOJEOAHUS OKa3aIHCh CTa0MIbHEE CBOOOIHBIX aBTOKOJICOAHHN KaXKI0-

TO U3 HHX.

PaCCManI/IBaCMHﬁ B Z[aHHOfI CTaTbC BOHOpO}JHHﬁ CTaHJAapT 4aCTOTbI COCTOUT U3 BO-
JOpOAHOTO Mas€pa (KaK HUCTOYHUKA OIIOPHOTO CI/IFHaﬂa) U MNPEIU3UOHHOI'0 KBapLeBOTO
reHeparopa, KOTOpBIfI YIpaBJIsA€TCd € INOMOIIBIO BEChbMa CIIO’)KHOU aHaJ'IOFO-IIH(i)pOBOI:I
CUCTEMBI (1)&30BOI71 aBTOHOHCTpOﬁKH JacCTOThI. HOZ[OﬁHBIe CTaHJapThI 06CCHC‘{I/IBaIOT, Ha
CETOTHAIITHUN JAC€Hb, PEKOPAHBLIC MOKa3aTEIn Z[OHFOBpCMCHHOﬁ CTaOMJIBHOCTH YaCTOTEHI.
ﬂaﬂBHeﬁmee YIydlieHue CTaOMJIBHOCTH HATAJIKMBAETCS Ha CEPLE3HBIC HpO6J’ICMBI, CBA-
3aHHBIC, B YaCTHOCTH, C HEAOCTATOYHLIM IMOHUMAaHUEM IHPOLECCOB, MPOUCXOAANIUX IIPHU
KOPPEKTUPOBKE YaCTOTHI. Bornee TOIr'0, BBISICHUJIOCH, YTO [JaXX€ B HENEpECTpanuBacMOM

! Tem: +7-8312-354294, Dakc: +7 8312-356306. E-mail: vremyach@pop.sci-nnov.ru
2 Tem: +7-8312-656153, Dakc: +7-8312-656416, E-mail: yakimov@rf.unn.runnet.ru
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CTaHJapTe BeChMa MaJlo M3YYCHBI MPOIIECCHI, MPUBOIAIINE K (IYKTYaIHsIM YacTOTHI BbI-
XOJJHOTO CHUTHaJia. B 3TOH CBS3W BO3HHKIA HEOOXOIMMOCTh HCCIECIOBAaHHS ‘“‘TOHKUX
(bITYKTYallMOHHBIX MPOIECCOB, TPOUCXOAIINX B CTaHIapTe. Llenblo HacTOsIIEH cTaThu
SIBIISICTCSL HMCCIICIOBAHUE COOCTBEHHBIX IMYMOB BojopoaHoro cranmapra VCH-1003A
(BPEMJI-Y, Hmxanit Hosropon) [2].

Ilpunyun pabomer cmanoapma

HccnenytoTcs oTHOCHTENBHBIE (UIYKTYaIlM 9aCTOTHI BEIXOJAHOTO CHTHANIA aKTHBHOTO
BOJIOPOJHOTO CTaHAapTa 4acToThl [3]. O6mas cxema cTaHmapTa n3o0paxkeHa Ha puc. 1.
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Puc. 1. biok—cxema BOJAOPOAHOIO CTaHapTa 4aCTOThI

CurHaisl ¢ BOZOPOIHOTO Masepa JacToToil HemMHoruM Oossine 1,4 I'To u ¢ kBapie-
Boro reHeparopa “KI™ 5 MI'm nocrynator Ha ¢a3oBblii kommapaTop (Ha puc.l oH Hu30-
OpakeH IMyHKTHPHOH JHMHHEH), KOTOPHII Ha OCHOBE OOOOIIEHHOW pa3HOCTH (a3 dTHX
CHT'HAJIOB BBIpa0OaThIBaeT CHTHAI PAcCOTJIACOBAHMS, YIPABISIOMINI KBapIEBBIM TeHEpa-
TOPOM.

@Da30Bblil KOMIAPATOP COCTOUT M3 yMHOXuTened wacrorel “YMHI” u “YMH2”,
ycunutenei npomexxyrodnoil yacrorsl “YIIU1” u “VIIU2”, CBY npueMHIKa COBMECTHO
co cmecureneM “CBUII”, cmecurens “CM”, cunTezatopa yactotsl “CH” u ¢a3osoro ne-
tekropa “®J/1”. Curnansl ¢ H-ma3epa n kBapiieBoro reHeparopa, npeo0pa3oBaHHBIE STH-
MH OoKamMu Ha 9acToTy F, mpuMepHo paBHyro 405 xI'm, nonanatoT Ha (a30BHIil 1eTeK-
TOp, COCTOAIIMN U3 CMECUTEIS U IPONOPLHAHAIBLHO UHTEIPUPYIOIIETO ONEPaiOHHOTO
yeunutens. C BbIXoJa AETEKTOPa CHUMAETCs CUTHAJI paccoriacoBaHUs, IPONOPLUOHANb-
HBIA pa3sHOCTH (a3 3THX ABYX CHUTHAJOB, OIpenesieMoil Ha POMEKYTOUHOH dacTote F
CHHTE3aTOpa 4acTOTHl. BrIXoqHOM cHrHaN craHmapra yacrorod 5 MI'm caumaercs ¢ Oy-
¢epHoro ycunutens “BY”, Kkyna oH mocTymaer ¢ KBapIieBoro reHeparopa.
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Memoo ananuza paykmyayuii

Ilpu uccnenoBanuu QaykTyanuii aMIuMTyasl U ¢Ga3sl B JaHHOH CHCTEME MPUMEHS-
Jach MalIMHHO-OPUCHTUPOBAHHAS METOJMKA aHaM3a (IIyKTyaliii B TCHEPATOPHBIX CHC-
temax. [lonpoOHO 3TOT Meton omucaH B [1]. OcHOBHas €ro ujes 3aKIIYacTcs B Mpel-
CTaBJICHUH aMILTATYIHO-(a30BbIX (IIYKTYalldii CHTHAJIA B BHJEC BEKTOP—CTOJIONA, a ypaB-
HEHHH, OTUCHIBAIOIIUX (IYKTYAIIHOHHBIC MPOIECCHI B HCCIIETYEMOM TeHEPATOPHOM YCT-
poiicTBe, — B MAaTPUYHOM BHJIE.

Jns mpumepa MOXKHO PaccMOTpPETh

HEKOTOpHIil 070K (pHC.2), Ha BXOX KOTO- 1 3 3
pOro IOCTYNAIOT Ba CHTHala C (IIyK- 2 T ﬁ. —
TYyaIHsME aMIUTHTYIB! B (assl [my, ¢1]" —_—> 1,72

u [, §,]7. C BBIXO/a CHUMAETCS CHIHAT

¢ daykryaumsmu [ms, §3]", xoTopsie 3a-
BHCST OT BXOJHBIX COIJIACHO CIIEYIOLIE-

MY BBIPaKCHHIO:
SR AN Rt ®

31€Ch Fi B Fz — MaTpulbl npe06pa303aHI/m BXOAHBIX CUI'HAJIOB, B 061]_[eM Cl1yda€ OHU MO-

Puc. 2. [Ipumep metona

YT GBITh PA3HBIME JUIS Pa3IMdHBIX CHTHATIOB, @ BEKTOP-CTONBEIL [em, e¢]” cocTaBmen u3
AMIUTMTYJ0— U (pa30aKTUBHBIX KOMIIOHEHT COOCTBEHHOTO IIyMa OJI0Ka.

Cnexmp 6b1xX00H020 cucHana cmanoapma

Hcnonb3ys BBILICONHCAHHYIO METOIHKY, IPOaHAIM3UPOBaHbI Bce OJ0KH (azoBoro
Kommaparopa. Tak Kak YCHJIMTENIN U YMHOXKHTEIN CUCTEMBbI JOBOJIBHO TOYHO HACTPOCHBI
Ha 9acTOTy CHTHaJIa (BBIOJHSETCS cCOOTHOLIEHHE f,<<[1, f; —qacToTa OTCTPOHKH CHrHalIa
0T coOOCTBEHHOH 4acToTHI O710Ka, 1 —monoca npomyckanus 610ka), TO ¢ OOIBIION TOYHO-
CTBIO Kpocc-ipeodpazoBaHsiMu AM—®M u ®M—-AM B cooTHomeHUAX BHAA (1) MOXHO
npeHeOpedb. OTo mo3BossieT (GazoBble (QIIYKTyallnd paccMaTpHBaTh HE3aBHUCHMO OT aM-
IUIMTYHBIX. 31€Ch NPUBOAATCS JaHHbIE, IIOJMyYeHHbIE 03 yueTa MHEPIMOHHOCTH YCUITH-
TeNel ¥ yMHOXKHUTENeH 4acTOThI, OTpaxkaroue crenuduky 3¢dexroB $ha3zoBoil CHHXPO-
HM3ALUH.

Ha ocHOBaHMM IIPOBEIEHHOTO aHANM3a MOXHO CKa3aTh, YTO OCHOBHOW BKJIaJ B
(IIyKTyaly BBIXOJIHOTO CHUTHaJIa BOJOPOJHOTO CTaHAapTa 4acTOTHI BHOCAT (IyKTyaluu
masepa, CBY npuemnunka (curHaia masepa), KBapIeBOro reneparopa u 6ydepHoro ycu-
JIMTENs CTOSIIEro Ha BbIXoze craHnmapra. J[ns cnextpa Sy(f) OTHOCHTENBHBIX (UIyKTya-
LU 9aCTOTHI BBIXOJHOTO CUTHANA ITOJIy4EeHO BhIpaskeHue [3—4]:

2

- % Eﬁs /?
Sy(f)—w yH(f)+SyR(f)+Wﬁﬂyg(f)+sy/1(f)a )
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rne Syo(f), Syu(f) —chekTpbl COOCTBEHHBIX OTHOCHTENBHBIX (IyKTyalHMi YacTOTHI
KBapLIEBOIO I'eHEepaTopa U BOAOPOIHOro Masepa; Syr(f), Sy4(f) —CIeKTpbl OTHOCUTENb-
HBIX (urykTyannit gactorsl, BHOcHMBIX CBY npnemuukoM u OydepHbIM yeunTeneMm; [ —
4acToTa OTCTPOHKH OT Hecymied, @, (f) —pyHKIMA mepenadn pa3OMKHYTOH CHCTEMBI
OAIL

Oynkims nepenaun P, (f) 3aBUCUT OT MapaMeTPOB CHCTEMBI CIEAYIOIINM 00pa3oM:

(/)= % W X (Xa INDK(S)]. )

37ech fp —4acToTa KBapLEBOTO I'eHe-

partopa (BBIXO/HAS YacTOTa CTaHIAp- C R,
Ta), —|
X.=df!dU,,, [1/B] —xpyTusna nepe-

CTPOMKHM  KBapIeBOrO TIeHepaTropa R,
(U,p —ynpaBinstioliee HampsiKEHHE), o1 °
Xa=2mldU,,/dA¢ [B] —kpyrusua o
¢dazoBoro  gerekropa (U
HanpspkeHHe Ha BbIxone, A¢ — pas- . .
HOCTE (ha3 Ha BXoJze (a3oBOro JeTeK-
Topa),

N —OTHOIIEHNE YaCTOTHl BOJAOPOIHO-
To Masepa K JacTOTe KBapIleBOTO Te-
Heparopa (CyMMapHBIH K03 GHITHEeHT
yMmHoxkeHus B cucreme OAITY),

1+ j2rfT
K(f)=—ky—7"2"2
1+kyj21yT)
—KOMIUTIEKCHBIH KOO()(PHIMEHT Tepeaaun MPONOPIMOHAIBHO HHTEMPUPYIOIIETO OTEPALIU-

onHoro ycummreinst nenu OAITY, m3obpaxkennoro Ha puc.3, npu ky>>1 (3mecy T,=R,C,
T,=R,C). Jlnst wactot f> 1/koTy (f> 10°T'1x) KodHITHEHT IIEpeaaUun CIUTAEM PABHBIM:

Puc. 3. ®yHKMoHanbHas cxema Mporop-
LIMAaHAJILHO UHTETPUPYIOLIETO OIe-
PpalMOHHOTO YCUIIUTEIIS

“4)

R 1
K(f)="2+—_——. 5
R j2mT, ®
Tloncrasmnss Bepakenust (5), (3) B (2) 1 BBOJS XapaKTepPHbIE YaCTOTHL:
R Jo Xe Xqg N
S = So e a NG, 2 f7 =00 : ©)

2[R 4

HOJIy4aeM OKOHYATEeJIbHOE BBIpAKEHHE ISt CreKTpa Sy(f) OTHOCHTENBHBIX (IyKTyaluit
JaCTOTHI BBIXOJHOTO CUTHAJIA CTaHAApTa:
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g+
i+t
+ —f :

Rt
I[J'IS[ HCCHGZ[yeMOﬁ CUCTEMBI UCIIOJIB30BAJINCH HapaMeTpLII

R{=75x0Mm, R,=110xkOm, C=6,8 u®D, )(L.=O,7D]O’8 1/B, x4=0,27B, N[1284,
gt0 maet f, 11,91, £,000,4 .

S,(/)= s, (1) +5,200]+

%)
5,0 () *Syps(f).

OcHoGHble UCMOYHUKU HECMAOUIbHOCIU

Kak yxe oTmedanoch, OCHOBHOH BKJIAJ BO (UIYKTyallH BBIXOJJHOTO CHTHAJIa BOJO-
POIHOTO CTaHIapTa YaCTOTHI BHOCAT (iykryanmu maszepa, CBU npruemHmka, KkBapueBoro
reHeparopa U OydepHoro ycumurens. JlaHHBIE IS COOCTBEHHBIX IIYMOB BCTPOCHHOT'O
KBapIIEBOI'O I'€HEepaTopa Ipe/ICTaBlIe-
HBl B cClenu(UKanuy (JaHHBIE UIs
JHCHepCcuH AJUIeHa W CIEKTp OTHO-
CUTENBbHBIX (Da30BEIX  (IIyKTyarmii)
[5].

Paccuntaem TeIOBBIE IIIyMBI
[6], BHOcumMBIe CBY npuemMHUKOM U
OydepHbIM ycuiuTeneM. X sKkBuBa-
JeHTHass cXeMa H300pakeHa Ha
puc.4. TemoBele mIymMbl mpudopa

PAcCUUTBIBAIOTCSA UCXOI U3 (BopMy- Puc. 4. DxBHBajcHTHAs cXeMa
1161 HalikBHcCTa:

<e%>f = 4KT [Ry = 4kT (R, [Fy, )

rae Ry — IIyMOBOE CONPOTHUBIEHHE, R~ CONPOTHUBIECHHE HArpy3ku, Fy — koadduiment
nryma [7].
BHocumsle ¢urykTyanuu ¢assl OMUCHIBAIOTCS CIIEKTPOM
2\ _20kTR,. [Fy
¢in - > (9)
/ vz
N mn
rae V,— BxojgHoe HanpsbkeHue 610ka (B ciydae ¢ CBY nprueMHHKOM H3BECTHA BXOJHAS
MoIHOCTS Py, =V;,2 /2R,).
Taxum 00pa3om, I CIIEKTpa OTHOCUTEIBHBIX (IIYKTyallMii YacTOTHI OJIOKA IOTyda-

€TCs BBIPpAXKEHUE!:
- Ef 2
S = : 10
Y(f) Ogl:q¢1n>f ( )

3[IeCh fj —4acTOTa BHIXOJJHOT'O CUTHAJA OJI0Ka.

113



Tpynst 1-ro coBemanus no npoekry HATO SfP-973799 Semiconductors. Hmwxuuii Hosropoz, 2001

Pacuer TemnoBsix mymoB CBY mpuemnuka (npu Fy = 1,2 1b, P,=2007"1 BT) maer
Syia(f)=f2@,0[110721 nb/T'w; mst 6ydepHoro yeunurens (Fy =2 1b, V;,=0,1B, R.=500m)
criextp Sy4(f)=f>[6,4007> gB/T'1. DTH CIIEKTPHI, C YICTOM BhIpaeHHs (7), PHBEICHbI
Ha puc.5. Crnektp ¢aykryanuii vacrorst CBY npuemnuka — nyHktupHas gunus (3), Oy-
(hepHOTO YCHIIUTENS — IUTPUX-MYHKTHPHAs (4).

CrutorHo# sxupHO#t nuauei (1) Ha puc. 5 u300pa)keH CIeKTp OTHOCHTEIbHBIX (IIyK-
Tyallii 4acTOTHI BRIXOJHOTO CUrHaja BojgopoaHoro crangapta VCH-1003A (BPEMS-Y,
Hwxuuit Hoeropox) [2]. DTOT crieKTp CHHTE3UpPOBAH IO JAHHBIM O JHCIEpCHH AJIeHa
(w11 BpemeH ycpemHenms T=1+10°C) M CIeKTpe OTHOCHTENBHBIX (GIyKTyamuii hassl
crangapta (s gactoT = 1 +10*I'). Hamuane MMEHHO TAKHX JAHHBIX ONMPABAAHO TEM,
4TO, KaK MPaBUIIO, IPH HUCCIEAOBAHUU CTAOMIBHOCTH CTaHIAPTOB YACTOTHI MOJB3YIOTCA
STHUMHU JIByMS XapaKTepHCTHKaMu: nucnepcust AmeHa [8,9] — Bo BpeMeHHOH obnactu,
CreKTp (a30BbIX WM YaCTOTHBIX (IYKTyallMii — B 4aCTOTHO# oOmacTu. Beibop Toi min
MHOHM XapaKTepUCTUKH OIpeersieTcs: ynoocTBoM nonb3oBanus. Ha yactorax menee 11,
TO €CTh Ha BpeMeHax Ooinee lc, monmp3yroTCs AMCHepcHeil AileHa, Ha YacToTax Oonee
11’11 MCHONB3YIOT CHEKTPATIBHBIN A3BIK.

CHeKTp OTHOCHTENBHBIX YaCTOTHBIX (NIYKTyallMi KBapLEBOro TeHeparopa (Ha puc.S
— MyHKTUpHAs JIUHKA (2)), CHHTE3UPOBAH IO JaHHBIM IPEACTaBICHHBIX B CIIEIU()UKAIINN
[5] o mucmepcmn Amrena (T=1+10" ¢) u crekrpe OTHOCHTENBHBIX (IyKTYaIuit (assl
(f=10+10"Tm).

Cucrema $a30Boil aBTOMOJICTPONHKM HacCTOTHI (OPMUPYET IMEPEXONHYI0 00JacTh B
mosnoce gactor 107'—10'm. Cucrema ®AIl KoMIEHCHpYeT COGCTBEHHBIC (IYKTyaLIHH
KBapIIeBOI0 TeHepaTopa Ha yactorax Hike fU1 ', a gpimykryarmu BomopoHOTo Masepa u
CBUY npuemnuka Ha yactorax Boiue 1111,

Ha uvacToTax oTcTpoiiku Huxe 10Ty PE3YIBTUPYIOIIHUH CIIEKTP (QIIyKTyaruii yacTo-
TBI OIIPEEIISIeTCsT BOMOPOAHBIM MazepoM (Syu(f)=f ~,9007° Ol"u"). Bupn cnekrpa B
nuamasone 107°—107%, MO-BUTUMOMY, OOYCIIOBJICH HMITYJILCHOH MOJICTPOUKOH pe3oHaTopa
Masepa, a Ha gacToTax MeHee 10 * Mexanmsmamu crapenus Masepa. (DIyKTyalmi, BHOCH-
Mble CBU npueMHHUKOM, CYIIECTBEHHBI B JUANa30HE 4acTOT 10-1T. BICOKOYACTOT-
HYIO BETBb CIIeKTpa (HaunHas ¢ 11'I1) MpaKTHYeCKH MOJTHOCTHIO OIMCHIBAIOT TEXHUUECKUE
U eCTecTBEHHbIe (MIyKTyallMM KBapLEeBOTO TeHepaTopa. Kak BHmHO M3 pHC.5, TEmIoBbIe
IIyMbl Oy(EepHOTO YCHIIUTENSI He OKa3hIBAalOT OCOOOTO BIIMSIHUS Ha CIIEKTP BBIXOJHOTO
CHT'HAJIa CTaH/apTa.

Paborta BrimonHeHa npu noanepxkke rpanToB PODU Ne 00-15-96620, 01-02-16666
n Ornenenust Hayxku HATO, nporpamma “Hayka st Mupa”, rpant SfP-973799 Semi-
conductors.
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Gagarin Avenue 23, Nizhni Novgorod 603950, Russia

The aim of this report is to investigate the relative frequency noise in the output sig-
nal of an active hydrogen frequency standard. The operation of the system occurs as fol-
lows. Signals from a hydrogen maser (frequency of a bit more than 1.4GHz) and from
SMHz crystal oscillator are mixed in a phase comparator, which produces a mismatch
signal on the basis of the generalized difference of phases. This signal is used for the
tuning of the crystal oscillator. The output signal (with frequency SMHz) is got from a
buffer amplifier, to which it comes from the crystal oscillator.

In our research the non-traditional computer-aided method of the analysis of fluctua-
tions in oscillatory systems was used. All the blocks of the phase comparator were ana-
lyzed. Only simplified data are presented here. These data were obtained without taking
into account of inertia of frequency multipliers.

The expression for the resulting spectrum Sy (f) of the relative frequency noise in the
output signal was obtained (7)

Here fis an analyzing frequency, Syo(f) and Syu(f) are spectra of the intrinsic rela-
tive frequency noise of the crystal oscillator and the hydrogen maser; Syr(f), Sy4(f)—
spectra of the relative frequency noise added in the microwave receiver (of the maser sig-
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nal) and the buffer amplifier, f;, fi— frequencies characterizing the efficiency of the PLL.
For the system under discussion f;, 1,9 Hz, f;110,4 Hz.

On the basis of this expression the spectrum of the frequency noise of the hydrogen
standard VCH-1003A (“VREMYA-CH” JSC, Nizhni Novgorod) was analyzed, in view
of the data from the specification for the built-in crystal oscillator and circuit parameters.
All components of the relative frequency noise spectrum are shown in the fig.5 as an illus-
tration of the result obtained. Here (1) — output of the standard, (2) — crystal oscillator, (3)
— microwave receiver, (4) — buffer amplifier.

The phase locking loop forms a transitive area in the band 10"'—10Hz, and compen-
sates the crystal oscillator noise at frequencies below 1Hz, and the noise of the hydrogen
maser and microwave receiver— at frequencies higher than 1Hz. At frequencies lower than
107Hz the resulting spectrum of the frequency noise is determined by the hydrogen ma-
ser. The noise added in the microwave receiver is essential in the range 10— 1Hz. At fre-
quencies higher than 1Hz the resulting spectrum is caused by 1/f and natural noise of the
crystal oscillator. As it can be seen from the figure, the thermal noise of the buffer ampli-
fier does not affect the spectrum of the output signal of the standard.

The spectrum of the intrinsic relative frequency noise of the hydrogen maser,
Syu(f)=f"2,900Hz ' was obtained. The shape of the spectrum may be caused by the
impulse method of the tuning of the maser cavity. The spectra of the noise added in the
receiver Syr(f)=f2 @,0002'Hz" and in the buffer amplifier Sy4(f)=f2 [6,400°Hz "
were determined as well.
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