Heroanblie cxembl (IPOBEPKA).
Crabunuzatop Ha 15B:

15k0OM
Upx +(2ﬂ+3ﬂ)L — P——
BEIXOA +15B
' 10KOM

SKEOM
sBA

OrnepallMOHHBIM YCUITUTENb B KauecTBe cTabunuzaropa +15B:
+5B

+ +15B

20K0M

10KOM
Hpyrue OY

Ilnna I°C na npumepe mukpocxembl TDA8444.

Mukpocxema coaepkut 8 6-6utoBbix I[AIl. 3amuck nMQPOBBIX TaHHBIX B
kaxabiil [{AIT mpousBoauTCS MO MIMHE I°C.

B cBoell »KcnepUMEHTaJbHONW YCTAHOBKE I  MCIOJB30BAT TPU TaKHUX
MUKpocxeMbl. Kaxxaplil n3 24-X aHaAJIOroOBBIX CHUTHAJIOB 33JaBAJI HAINPSKEHHUE Ha
3aTBOpPE OJHOIO W3 IIOJEBBIX TPAaH3UCTOPOB. Kakapli 1ONEBOM TPaH3UCTOP
HCIIOJB30BAJICS, KaK IEPEMEHHOE COMPOTUBIIEHUE (PEOCTAaT).

Vee [1] U [16] DACT
Vmax [2] 15] DACS
spA[3] 14] DACS
scL[ 4 13] DAC4
|: TDAB444 :|

A0[5 ] [12] DAC3
A1[6] 1] DAC2
A2[7] [10] DACH
Vee [8] [ 9 | pAco

MGHS12

Top view.



TDA8444: TDAB444T:
Octuple 6-bit DACs with I12C-bus 8444; TDA844AT,

TDA8444AT
PINNING
PIN
SYMBOL TDA8444 TDA8444T | TDAB444AT DESCRIPTION
(DIP186) (SO16) (5020)

Vee 1 1 1 supply voltage

Viax 2 2 2 control input for DAC maximum output voltage

SDA 3 3 3 I12C-bus serial data input/output

SCL B - 4 I>C-bus serial clock

AQ 5 ] 7 programmable address bit 0 for |2C-bus slave receiver
Al 6 7 8 programmable address bit 1 for 12C-bus slave receiver
A2 7 - 9 programmable address bit 2 for 12C-bus slave receiver
Vee 8 8 10 ground

DACO g 11 analog voltage output 0

DACH1 10 10 13 analog voltage output 1

DAC2 1 11 14 analog voltage output 2

DAC3 12 12 15 analog voltage output 3

DAC4 13 13 16 analog voltage output 4

DACS5 14 14 17 analog voltage output 5

DACB 15 15 18 analog voltage output 6

DAC7? 16 16 20 analog voltage output 7

n.c. - 5 5,6, 12,19 | not connected

Table 1 12C-bus format (see note 1)

[s| o0100A2A1A00 |[A| 13121110SDSCSBSA |A| XXD5D4D3D2D1D0 |A|[P |

Note

1. S = START condition; A2 to A0 = programmable address bits; A = Acknowledge; 13 to |0 = Instruction bits;
SD to SA = subaddress bits; X = don't care; D5 to D0 = data bits; P = STOP condition.

Valid addresses are:

TDAB444 and TDAB444AT: 40H, 42H, 44H, 46H, 48H, 4AH, 4CH and 4EH
TDAB444T: 48H, 4AH, 4CH and 4EH (A2 is always logic 1).

All other addresses cannot be acknowledged by the circuit. The actual slave address depends on the programmable
address bits A2, A1 and AQ. This way up to eight circuits can be used on one 12C-bus.

Valid instructions are: 00H to OFH; FOH to FFH.
2
[Iporokoun padots! munbl [°C.

SDA  \

SCL
S B1 B2 B P
TaKTUPOBKEA NOCNeO0EaTENLHOCTH NEpEOEYW JaHHbIE &
HauanbHoe cocTosiHME — BBICOKMU YPOBEHb JIMHUM AaHHbIX SDA u nuHumn
cunxponuszanuu SCL.
CunxpoHH3alUsl TOCBUIKM OCYHIECTBIAETCS BEAYIIUM — YCTPOWCTBOM

nepeaaun JaHHbIX. Ha nuaun cuaxponusaunn SCL HU3KUI ypOBEHb 03HAYAET, YTO



HET TOTOBHOCTH K mepenaud wHbopmaruu ouepemnnoro Outa. Ilepematymk mpu
HU3KOM ypoBHe JMHMM SCL u3MeHseT 3HaueHue OuTa JaHHBIX Ha JUHUU SDA c
OpeabIAYyIero Ha MocleAyomui out uHpopmalmu. BeICOKMl ypoBEeHb Ha JIMHUU
SCL o3Havaer, 4TO JaHHbIE HA JUHUU SDA M3MEHEHBI U TOTOBBI JJISi MPOYTCHUS
PUEMHUKOM.

K muausam SDA u SCL noaxito4eHbl BBIXOJbI ¢ OTKPBITBIM KOJUIEKTOPOM.
JIto60€e ycTpONCTBO HIMHBI MOKET OIYCTUTh YPOBEHb JTMHUU BHU3. [lepen mochuikoit
o0e nmuunu SDA u SCL umeroT BbICOKUN YPOBEHb.

[Tepenava ocymiecTBAsIETCS ClEAyOMMM 00pa3oMm. Bemymmii (mepenaTtduk)
OMYCKaeT YPOBEHb JIMHUU SDA — 3TO CTapTOBBII CUTHAJ MOCHUIKU. 3aT€M BEIYIIUI
omyckaeT auHuio SCL. Ilocne dero ycranaBnmmuBaeT 3HaueHne crapmiero outa (0 wim
1) mepBoro Oaifta mochUIKH. 3aTeM Beaymui oTmyckaeT nmHuio SCL, paspemras
YPOBHIO JIMHUU MOJHATHCS BBEPX, HO KaXKIbI K3 BEIOMBIX MOXET YyAECpP>KUBATh
munuto SCL BHM3Y, MIOKa OH HE OyJEeT roToB MpUHATH nepBbiit OuT. [locie Toro, kak
muauss SCL monHumeTtcst (ee COCTOSSHUE MOXKET MPOYMTATh JII000€ YCTPOHCTBO
IIMHBI), BEJIOMBIN JOJKEH NPOYUTATh 3HAYEHUE NepBoro Oura nmo JuHuu SDA.

3arem Beayuui omyckaeT ypoBeHb JuHMM SCL, M HauMHaeTCs MOCHUIKA
BTOPOTO OUTA.

[Tocne mocweuiku 8 OuTa Oaiita 9 OUT HHM3KUM ypoBHeM Ha JuHUKU SDA
NPUEMHUK MMOKa3bIBAET, YTO MOCHUIKA MPUHSTA YAAYHO.

DJeKTpHUYecKHe HABOJIKH.
EMkoctHeie  HaBojku. OrnpeneneHue CHUTHAIBHOTO  MpPOBOAA  BXOAa
ocmmuiorpada.
NunykTtuBHBIE HaBOAKUM. Mekka ¢ mpueMoM curHana auddepeHmaibHbIM
yCUJIUTENIEM, KaK Mepa MPOTUB UHAYKTUBHOW HABOJKHU.
Brruuranue HaBogku nuddepeHIanbHbIM YCHIUTEIEM.

Ra
YL e [
R3 o i — |, >
/ % l\) Uex+ R1 - Y
R3 A f2
Ry
= U
+ R +R, 6x+ -
;U —U
R

U

8bIX —

U

6)6—)

U_-IR, = %(U

ex+
1

DJICKTPUIECKHE IIYMBI.




Eciu Bbl XOTHTE HU3MEPUTH MOCTOSIHHOE HamNpsoKeHHE Ha (poHE IIyMoB,
KOTOpBIE NPEBBIIIAIOT 3TO HAIpPSDKEHHE, TO IIyMbl MOXKHO OT(QUIbTpOBaTh RC-
LETIOUYKOM.

y Un, 6

TennoBoi mym pe3ucropa: 7:4kT Af .Mlpu T =300K, R =10 Om, Af =

10 xI'n, nonyvaem U,, = 13 MxB (3pdexruBHoe 3Hauenue). Unu gns R = 10° Om
HB

Jry’

[Ipenen 4yBCTBUTETHLHOCTH aHAJIOTOBOTO OCITMiLIoTrpada.

[IIymoBast mopoxka 1udpoBoro ocumworpada.

benpii mym.

PozoBeiit mym (uukkep-mrym). Illar BnaeBo, miar BmpaBo. YecTHoe Ka3WHO.
[IIyMBI ycunuTens, IyM HaOpsIKEHUs, TOKOBBIA LIYM.

Manomymsinue cxembl. MJIM cxembl yeunutens HU3kux yactot, 140V [13.

HapspKeHue 1yMoB npumepno U, =4

CucreMbl AKTUBHOW CTA0OWJIN3AIHM.
OCHOBHBIE ITapaMeTPbl CHUCTEMBI CTAOMIM3AIIMKA HA OPUMEDE CTAOMIN3AIUUA
HanpsbkeHua U__Ha ypoBHe HanpsbkeHus U, B CXeME YCWINTEIN HalmpsyKEHUs Ha

OV (oneparitiOHHOM YCUJIIUTEIE).
[Tpoanamm3upyeM pabOTy HEMHBEPTHUPYIOMIECTO YCHUIUTENS HANPSOKCHUS Ha

oV:
Ry ; R
f =] —
- UBI:\II
—__

+

Ups 1 KOm

1 MOmM

[Tmoc-Bxon OV coenuHeH ¢ oOmUM TPOBOJIOM CXEMBI dYepe3 OOJbInoe
conpotuiaeHue 1 MOwm, 4yToObI BXOJHBIE TOKH IUTIOC-BXOJa FAPAHTUPOBAHHO MOTJIU
JOCTUTHYTH OOIIETO IPOBOJIA CXEMBI.

Hanpspkenue Ha BXOJE CXEMbl PaBHO HANpsSDKEHHUIO Ha IUoc-Bxone OV
U, =U,, . Cyuerom paBenctBa U_ =U_ nonyyaem U_ =U,, .

Hamnpsbxkenne munyc-Bxona OY NpUIIOKEHO K PE3UCTOPY CONPOTUBIECHUEM
R;. Torna cuiia ToKa 4epes 3TOT pEe3UCTOP

U= Uy
Ry R



U@)C
Ry
IIPOTEKAET YEPE3 PE3UCTOP CONPOTHUBIEHUEM R,. IIpu 3TOM naneHue HaNpsHKEHHs

Tox wmunyc Bxoga OVY mnpeneOpexxumo wman. Torma Becb Tok [ =

Ha 000MX pe3rcTopax paBHO HANPSDKEHHIO Ha Bbixoae OV

Uy =(R1+R2 )T = (R +R2)(;;;‘

==

R)
Ugpix = 1+R_ Ugy -

1
OTHolIeHHE HaNpsKEHUH Ha BBIXOJE M HAa BXOJE CXEMbl IO ONPEEICHUIO
paBHO KOA(G(UIIMEHTY TIEPEeIauu CXEMbI [0 HAIPSHKEHUIO:

Ky = Yo :1+R2 .
Uex Rl
Tenepp mnpoaHanu3upyeM pabOTy TOTO K€ YCHIUTENA, KaK CHCTEMBI
CTaOMIIN3alIUN.
OY MHOTOKpaTHO YCWJIMBAeT Pa3HOCTh HAINPSHKCHUH Ha IUTFOC M MHHYC

BXOJax:

Ugix = Ot(UJr - U_) ,TIe a~ 10% — k03 unnent nepenaun OY co Bxona Ha

BBIXO/I.
Yacte HanpspkeHus: ¢ Bbixoga OY ¢ jaenurtenss HanmpshKEHUs, COOPaHHOTO Ha
COIIPOTHBJIEHUSIX R, M R, mocrynaer Ha MuHyc-BxoA OVY B KauecTBe CUTHaia

OTpHUIIATEILHON 00paTHOM CBS3HU:

1
C BBIXO/1a HA MUHYC-BXO]I MOCTYNAET YacTh HanpsikeHuss f=————. Tormoa
Rl + R 2
U_=pU,, . Bemmunny [ Ha3pBaloT KO3(QQHUIUEHTOM IEpeladd C BbIXOJAa Ha

MUHYC-BXO/I.

[IpousBenenre K03PPUIIMEHTOB Mepeaadr co BX0Ja Ha BBIXOJ M C BBIXOJIA HA
MHUHYC-BXO/]1 Ha3bIBAIOT KOAPPUIIMEHTOM Mepeaaun NeTiu 0OpaTHON CBS3ZH:

Ko=ap,

rac HHACKC 0 — 5TO HaMeK Ha METIIIO.



IMoncraBum B dopmyny U_= U, . Beipaxkenue Uy, = oz(UJr —U_) U

MOJTYYHM:
U_=af(U,-U_)=Ky(U,.-U_) =  U_=Ky(U,-U_) =>
oo Koy L vov -y

1+ K, 1+ K,
1
u,-uv_=——U,.
+ 1+K0 6X
3nece U, —U_ — HeOTCIEeXeHHas 4YacThb BXOAHOro BosmymieHus U,

CHUCTEMBI. DTy HEOTCJIC)KEHHYIO YacTh HA3bIBAIOT CHTHAJIOM OIIMOKH CHCTEMBI
cTa0WIM3alni.
OTtHOcHTETbHASI HEOTCIICKEHHAS YACTh BXOHOTO BO3MYIIICHUS:
U,-U_ _ 1
U 1+ K,

6X

g

Torna
1+ Ky — ko>pPHUIUEHT CTAOUIU3aLUU CUCTEMBI C OOPATHOMN CBSA3BIO.

Koaddunuent nepenaun K, MOMKET OBITh KOMIUIEKCHOW BelM4MHOM. Tak,
Hanpumep, koddduimeHT nepenaun RC -1Enouku:

—f 7

1

R
R+ 1+ioRC
ioC

3nech w=2xf,Tne f — 4acToTa U3MEHEHUS HAMPSIKEHUS.

KommekcHbiil KO3(pPUIIMEHT nepeadyn MOKHO 3alucarh, Kak KOMILIEKCHOE
YHCJIO B HKCIIOHEHIIUAIILHOMN opMme:

K _ ‘]Z‘ . ei-arg([%) -

3aBUCHUMOCTh KOMILJIEKCHOTO KO3 UIMEHTa Mepeaadyd OT YacTOThl OOBIYHO
MPEICTaBISIOT ABYMS COOTBETCTBYIOUIMMH 3aBUCUMOCTSIMH: aMIUIUTYIHO-4aCTOTHOM

XapaKTEPUCTUKON WM  3aBHUCUMOCTHIO ‘K ‘ or f u ($a30BO-4aCTOTHOM

XapaKTEPUCTUKON WIIM 3aBUCUMOCTBIO arg(K ) or f. Jua RC-uenouku 5TH

3aBUCUMOCTHU UMCIOT CJ'ICI[YIOH_[I/Iﬁ BUA:



K|

| L1
| f
|
0 1 f
2rRC
u
arg (K) 1
2nRC
0 |
f
T
> =
3nech ‘arg(]g )‘ — 3TO 3ama3/blBaHue Mo (a3e HANpPSHKEHUS Ha BBIXOJE CXEMbI

OTHOCHUTCIIbHO HAITPS’KCHHA Ha BXO/JIC. 3aH33I[BIBaHI/Ie, TaK KaK arg(K ) <0.

HampspkeHne Ha BbIXoze JIFOOOM CXEMbl HE MOXKET IMOSBUTHCSA paHbIIE, YEM
NOSIBUTCSA HAIPSDKEHUE HAa €€ BXOAE. OTO YCIOBUE HAKIAIbIBAET HEKOTOPOE
MHTETPAIbHOE COOTHOIIEHHE MEXIY aMIUIUTYIHO-4YAaCTOTHOM M (ha30BO-4aCTOTHOM
XapaKTepUCTHKAMH JII000I CUCTEMBI.

[Ipsimoe u oOpatHOE npeodpazoBanue Oypbe BXOJAHOTO CUTHAMA:

_ 1+OO ~ +iot
ng(f)—E J Uogx(a))e dw
—00

~ _ 1 o —iwt
Uogx(a))_; [ Uge(t)e ™t

Ecnu Ha BXOne cuctembl aenbra-QpyHKus Jupaka Uex(t) =0 (t), T0 dypbe-

~ 1
00pa3 BXOAHOTO curHama — KoHctanta Ugy, (@)=—, (ypbe-06pa3 BHIXOIHOIO
b2
CUrHaJa IPONOPLUOHAJICH KOMIIJIEKCHOMY K02(pQUITHEHTY nepeaayn
- N - Ko(o
Uoseix (a)) =K (‘O)Ung (a)) = M . Toraa caM BBIXOJIHOW CHUTHAJ, KaK (DyHKIHS
T

BPCMCHHN HC MOJKCT INOABUTHCA PAHBIIC, YEM CUTHAJI HA BXOAC!

U

+00
6,,1)((1):% J Ko(w)eiwtdsz npu mo6om £ < 0.



WuTerpanbHoe COOTHOUIEHME MNPUBOJUT K TOMY, UTO JI000HM chaj

. 1
aAMIUTUTYTHO-9aCTOTHOM XapaKTepUCTUKH BHJIA ~ — HEW30€KHO TPUBOAHUT K
T . 1
OTCTaBaHUIO 10 (aze Ha 5 . Kaxkniprit cma Bua ~ — MPUBOAMT K JIOTIOJTHUTEIIEHOMY

T
OTCTaBaHUIO 1O ¢aze 5

Bo30yxaenue wim reHeparys CUCTEMbI ¢ 00paTHOM CBS3bIO.
B n1060ii cucteme ¢ oTpuIiaTeNbHON 00pATHOW CBA3BIO HA BBICOKMX YacTOTaX
o0Opa3yeTcsi HEKOHTPOJIUPYEMbIN CHajl aMIUIUTYAHO-4aCTOTHON XapakTtepucTuku. Ha

KaKHUX-TO 4aCTOTaxX HAYMHACTCA CIiad BHJa ~ —, Ha 0os1ee BBICOKHX YacTOTax cran

1 1
~—5, 3aTeM ~—= 1 TaK janee. COOTBETCTBEHHO 32 STHMH YaCTOTAMH MPOUCXOIHT
T AT 7
oTcTaBaHue 1o (haze Ha 3 25 , 35 U TaK Janee.

@Da30Bblil CIBUI PaBHBIM 77 O3HAYAET, YTO OTpULATEIbHAs OOpaTHas CBA3b Ha
ATOM YaCTOTE OKa3bIBACTCSA IOJ0KUTEIbHOM.

Ecnu B BeIpaxeHUu JU1si OTHOCUTEIBHOM HEOTCIICKEHHOW YaCTH HANPSKEHUS

1
e=—
I+ K,

TOJIOKUTEIBHBIM KOO(Q(QHUIUEHT Nepeaayn NeTan oOpaTHOU cBA3u K, 3aMEHHMTH Ha
OTPHUIIATETBLHBIN, YTO M COOTBETCTBYET (DAa30BOMY CABUTY HA 77, TO OKAXETCs, YTO
OTHOCUTEJIbHAS HEOTCJIC)KCHHAs] 4acTh OOJIbIE €IWHUIBI & >1 TpH yCIOBUHU, YTO
‘Ko‘ <1. Eciu xe Ha 3TOM dYacTtoTe MOAYJIb Kod3(pUIMEHTa Tepeaayd MeTIH

oOpaTHOW CBsI3U ‘KO‘ MEHBIIE E€IUHULBI U CTPEMUTHCA K EIHHULE, TO & —> 0.

beckoneunast HeoTcneKEHHAsI YaCTh O3HAYACT BO30YKCHUE WM TCHEPAIIHIO B TIETIIC
00paTHOM CBSI3H.

Bo30yxnenue B netsie oOpaTHOM CBSI3U MPOMCXOAMT B TOM M TOJBKO B TOM
cilydae, €clid Ha 4yacToTe (Da3oBOro CABHUTra METIU PABHOTO 77 MOAYJIb KO3 (dULIMEHTA
nepenayu neTiv 0oJblie UM PaBeH €IMHULIE.

YacrtoTy, Ha KOTOpOoW (pa30oBBI CIBUT paBeH 7z, OyJeM Ha3blBaTh 4acTOTOU
remepauun f,. Ecim ‘KO‘ >1 Ha Tak Ha3pIBAEMOW 4acToTe reHepauuu f = f,, TO

aMIUIUTyla CUHYCOHMAbI Ha YaCTOTC I'CHCpALUH fe BO3pacrtact BO BPCMCHH OT

CIy4allHOTO IIyMOBOTO 3HA4y€HUs A0 TEeX II0p, IOKa CHUHYCOHWJAa HE Ha4HET
OrPaHUYMBATLCA HANPSDKCHUSAMU IHTaHMs cxeMmbl. OrpaHuyeHue NpHUBEAET K
YMEHBILICHUIO MOJYJIA KOAPPUIIMEHTa Iepejaun, U aMIUIUTy1a CTAOMIH3UPYETCS 110
BEJIMYMHE [IPU yCIOBUU ‘Ko‘ =1 Ha yacToTe reHepanuu f,.

UtoObl nM30ekaTh BO3OYKIECHUSI CUCTEMbl CTAaOMIIM3AIMU HYXKHO OOECIEeUUTh
HEPABEHCTBO ‘K0‘<1 Ha yacTtore f = f,, Ha KOTOpPOH (a30Bbli CABUI B IIETIE

OoOpaTHOM CBSI3U PaBeH 7 .



C aT0i1 1Henpo BHYTpU MUKpocxeMbl OY OpraHus3yroT NpUHYIAUTENbHBIA CIajq
aMIUIMTYJTHO-4aCTOTHOM XapaKTEpUCTUKHM, HAadWHasg C O4YEHb HU3KUX YacTOT.

. V4
Cozpmaror cmax BUaa ~7, KOTOPOMY COOTBETCTBYET (Da3oBBIA CHBHT > Ha

o o T
qacToTax, Ha KOTOPBIX IMOABJIACTCA HCKOHTPOJIUPYCMbIU (I)&SOBBII/I CABHUI' €IIIC 5,

KOX(PPUITUEHT Mepenadn MeTian 0OpaTHON CBSI3M OKA3bIBAETCS YK€ JOCTATOYHO Mad,
yTOOBI CHCTEMa OOpaTHOM CBSI3U HE BO30YK/1a/1ach.
Tak ecnmu HEKOHTPOIUpPYEMBbIE TOBOPOTHI (Da3bl TOSBIAIOTCS Ha YaCTOTE

1 MI'u, 1 Ha HyneBOW YacTOTe MOIYJb KO3(HIMEHTa mepeaadn MeTiau 0OpaTHOU

6 . 1
cBs3u paBeH 10°, TO cmaj aMIUIMTYAHO-YAaCTOTHOW XapaKTEPHCTHKW BUIA ~ —

JOJDKEH HAYMHATBCS C 4aCTOThI IpuMepHo 1 I'm.

Cradonanzanyss MOIITHOCTH I'eHepAaIllH Jiazepa.
PaccMoTpum crieyrolyo TpUHIUIHATBHY0 CXeMY CTAaOMIN3aIlMi MOIITHOCTH
reHepaluu jJasepa:

nasep

CT&ﬁPlTEIBPIpOBﬂI—]]—IOE
|
H3ITy1€¢HHE

Ly

Q+

PeryJHpOEKa MOIIHOCTH
reHepalHH J1azepa

3/1ech HalpspKEHUE C BbIXOJa AU(PQPEpEHLINaIbHOTO YCHWIIMTENS MOJAeTCsl Ha
IIbE30KEPAMHUKY, Ha KOTOPOM YKPEIUIEHO OJHO M3 3€PKall ja3epa, Ul YNpPaBICHUS
4acTOTOM TeHepanuu nasepa. PasHocts Hampspkennid U, —U_ Ha IByX BXoJax
IU(pQPepeHINaIbHOTO  YCWIIMTENS  SIBISIETCS.  CUTHAJOM  OMIMOKM  CHCTEMBI
crabunuzanuu. To ecTh cuctema cTaOMIM3ALMKU YAEP)KUBAET MOILHOCTbh T'€HEpaluu
Ja3epa Ha TakoM ypoBHe, 4To0bl U, —U_ =0.

Hanpsokenne Ha mnoc-Bxoje ycwiurens U, NPONOPLHMOHAIBHO MOIIHOCTH
redepanuu jazepa P. [lycts nazep paboTaer B 0JHOYACTOTHOM PEXHUME I'E€HEpaLH,

TOTJla 3aBHUCHUMOCTb MOIIHOCTH TEHEpaluud OT YacTOThl HPUMEPHO MOBTOPSET
3aBUCUMOCTh KO3 (UIIMEeHTa YCUJIEHUS Ja3epHOM cpelbl OT 4acToThl. TOJBKO OCh



a0CICC 3TOW 3aBMCHMOCTH TIPHUIIONHATA 10 YPOBHS IMOTEPHh pPE30HATOpA Ja3epa.
MontHoCTh TeHepaluu, Kak PyHKIMS 4acTOThI, UMEET CIASAYIONTUNA BUI:

31ecp @y — 4YacToTa LEHTpa JHWHHM YCHJICHHS JIa3€pPHOM CpPEIbl,
TOPU30HTAJIbHAS NYHKTHpHAs JMHUA Ha ypoBHE U_ COOTBETCTBYET BEJIMYUHE

HalpsDKeHHUs, KOTOpoe C  NOTEHLHOMEeTpa  IOJaeTcsi Ha  MHUHYC-BXOA
Qg epeHInaIbHOTO YCUIUTENS.
Hynesoil  curnan  ommbkum  cuctembl  crabwmmszamuun U, -U_=0

COOTBCTCTBYCT ABYM 4HaCTOTaM I'CHCpalldH Jia3€pa, 0003HAaYCHHBIM Ha PUCYHKE, KaK
o H . O,Z[Ha U3 ATUX YacTOT SBIISIETCS YacTOTOM YCTOﬁQHBOFO PaBHOBCCHA

CUCTEMBbI CTaOWIM3aIIH, a Apyras — 4acTOTONW HEYCTOMYMBOTO PAaBHOBECHSI.

bynem nmma  onpeneneHHOCTH CUMTATh, YTO KpPEIUIEHWE 3€pKaja Ha
bE30KEepaMUKe YCTPOEHO TaKUM 00pa3oM, YTO MPHU yBEJIWYEHUH HAIMpPSDKEHUS Ha
IIbE30KEPAMHUKE YaCTOTa FEHEPALIH JIa3epa BO3pPaCTaeT.

Torna @, — 4JacTora yCTOHYMBOIO paBHOBECUS CHCTEMBbI crabmiausanuu. 1

neiicrBurenpHo. [lycTh B HayalbHBII MOMEHT BPEMEHU CUCTEMA CTaOMIM3alUU
HaxoAuTcs B coctosHuM paBHoBecusa U, —U_=0. M mycTts yacToTa reHepanuu

Jazepa Mo CIy4YallHbIM MPUYMHAM HCIIbITalla HEOOJNBIIOE IIYMOBOE H3MEHEHHE B
CTOPOHY YBEJIMYEHHUSI YaCTOThl BIPABO IO OCH YACTOT. Torja B COOTBETCTBUH C
3aBUCUMOCTBIO MOIIIHOCTH OT YacTOThl MOIIHOCTh T'€HEpaIUu JIa3epa YMEHbIINIACh.
YMeHbIlIeHHEe MOIIHOCTU TMPUBENO K YMEHBIICHUIO HANpsDKEHUS C IMPUEMHHUKA
M3JIy4€HUsl U YMEHBUICHUIO HanpsbkeHus U, Ha munoc-Bxozae Iu((epeHIuanibHOro

YCHIINTCIIA. VYMeHnbiieHue 3HaueHuss U + IIPHUBEJIO K YMCHBIIICHUIO HAIIPSKCHHUS Ha

BBIXOJIE YCHIIMTENId M K YMEHBIICHUIO HAIpPsDKEHUs Ha Ibe3oKepamuke. B
COOTBETCTBUM C HAIIUM IPEAINOJOXKEHUEM YMEHBIICHUE HAIpsDKEHUS Ha
[IbE30KEPAMUKE IIPUBOJIUT K YMEHBIIEHUIO YaCTOTHI TEHEPALIUHU J1a3epa.

Wrak, 1IyMOBO€ YBEJIMYEHHME YaCTOTHl T'€HEPALUU IPUBOAUT K TOMY, YTO
cUCTeMa CTaOWIM3aluu BbIPAOATHIBAET CHUTHAJ, KOTOPBIM YMEHBILIAET YacTOTy
reHepaluu. JTO U O3HAYAET, YTO () — YaCTOTa YCTOMYMBOIO PABHOBECHUS CUCTEMBI

CcTaOMIM3alINH.

[TpeumyIinecTBO MPEMIOKEHHOTO METOJIa CTAOMIM3AIdd COCTOUT B TOM, YTO
CTaOMJIM3UPOBAHHYIO YACTOTY I'€HEPAIIMKM MOYKHO TIEpEeCTPauBaTh, U3MCHSS BETUINHY
HanpspkeHus U_, mojgaBaeMoro Ha MUHYC BXOJT AU depeHIINaaIbHOTO YCHITATEIS.



HGI[OCTEITOK TakKoro MeEroaa HN3MCHCHUC YaCTOTbl TCHCpAalUKU IIpU
N3MCHCHHH YCHUIICHUSA HaSCpHOﬁ Cp€Aabl, YTO BUAHO M3 HUIKCCIICAYIOIICTIO PUCYHKA!

3ILCCB A@® — U3MEHEHHUE YaCTOThI reacpanunu jia3cpa CTa6I/IJII/ISI/Ip0BaHHOFO I10
MOIIHOCTHU I'CHCPALUHA IIPHU H3SMCHCHUHN YCUIICHUA CPCDbI.

Crnap 7 koa(dduienTa nepenayn NeTIM OOpPaTHOW CBSI3U pEaNU3yeTcsl C

ITOMOUIBIO UHTETPUPYIOLIETO YCUIMTEIS:
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Amnanorosbiii nepemHoxutens K525I1C2.
———

B 310l cxeme 3aBHCHMMOCTh MOUIHOCTH CHIHaja Ha MNPUEMHHUKE OT YaCTOThI
reHEPALMH JIa3epa UMEET CIEAYIOIINNA BUI:

3I[€CB @y — LCHTp JIMHUU IIOTJIOIICHUS I'a3a B KIOBCTC, ITYHKTHPHAA 4acCTb
3aBUCUMOCTH — MOINHOCTL I'CHCPAIMH Jia3cpa. BOprr‘ 49aCTOThl @y B MOINHOCTH

CBETA Ha IIPUEMHHKE TOSBIAECTCS IIUPOKUM JOIUIEPOBCKHM MPOBAN JIMHUHU
IIOIVIOLIEHNs Ta3a, HAaXOAALIErocs B KIOBETE. B IEHTpe JMHUM NOIJIONIEHUS Ha
4acTOTE () HAOMIOJAETCs y3KUU UK PE30HAHCA HACBIIIEHHS MOTJIOMECHHUSI.

Kak crabmim3npoBaTh 4YacTOTy Te€HEpaluu Jiazepa IO LEHTPY Y3KOTO
pe3oHaHca npocBemieHus cpeasl? [lpu ciaydaiitHoM (IIyMOBOM) CMELICHUH YacCTOTHI
reHepaluy Jlaepa B JIOOYI0O CTOPOHY OT IIEHTpa pe30HaHCa MOIIHOCTh Ha
NpUeMHHKE W3IydeHHus yMmeHblnaercs. Kak cuctema crabuimzanuu y3HaeT, B KaKylo
CTOPOHY HYXHO BO3BpallaTh YaCTOTY I'€HEpaLMK Ja3epa K LIEHTPY pe30HaHca.

Jlns ¢dopMupoBaHHsS CHUTHalIa OMIMOKM B JA@HHOM CiIy4ae HCIOJIb3yeTCs
CUHXpDOHHO€ [JeTeKTHMpPOBAaHWE CHUTHajla Ha YacToTe TIeHepaTopa, KOTOpoe
MIPOU3BOJUTCS HA aHAJOTOBOM NIEPEMHOYKHUTEIIE CUTHAJIOB.

OmnopHoe HampspkeHue U, CHHXPOHHOIO JETEKTUPOBAHUS IOJAETCA Ha

HWKHUA BXOJl aHAJIOTOBOIO INEepeMHOXuTelsi. Ha BepXHUI BXOA MNEPEMHOMXKHUTENIS
NOCTYNaeT NEPEMEHHAS YaCTh HAINPSKEHUS C IPUEMHHUKA J1a3€PHOTO U3TyYCHHUS.

CuHycoHTaJIbHOE HAIpsDKEHHE C TeHepaTopa IMOJAeTCs Ha NbE30KEPaMUKY
Ja3epa U MOKAYMBAET YacTOTY Jia3epa C 4aCTOTOW TeHepaTopa. ITOM e CUHYCOUA0M
OKa3bIBACTCS MPOMOAYJIUPOBAHA MOIIHOCTh M3JyUYEHHs Ha npueMHuke ceta. daza
CUHYCOUJbl MOAYJISILIUKM 3aBUCUT OT TOTO, HA KAKOM CKJIOHE PE30HAHCa HACBIILICHUS
MOIJIOLIEHUSI HAXOJIUTCS CPe/IHEE 3HAUEHUE YaCTOTHI Jia3zepa.

Jlnst GonpIiel HATTSAHOCTH HA HIDKECIEAYIOMEM PHUCYHKE Y3KHUH pE30HaHC
HACBIIIEHUSI MOTJIOIIEHUS! PACTSAHYT MO OCH YaCTOT.



M3 pucyHKa BUIHO cieayromee. Eciau cpess yacToTa reHepalui HaXOqUuTCs
Ha JIEBOM CKJIOHE PE30HAHCa M KaYHYJIACh YyTh BIIPABO, TO MOIHOCTh HA IPUEMHUKE
Bo3pocia. Ecnu ke cpelHsAs YacToTa HaXOJUTCS Ha MPAaBOM CKIIOHE M KAauyHYJACh
4yTh BIPaBO, TO MOIIHOCTh YMEHbIIMJIACh. 1O €CTh Ha JBYX CKJIOHax PE30HaHCa
¢aza koneOaHui HAMPSHKEHUS C MPUEMHHUKA OyAET MPOTUBOMOJIOKHOM.

Ha HimkecnenyromiemM puCcyHKe MPUBEIEHbBI HAIPSDKEHUST HA BXOAAaX M BbIXOJaX
aHAJIOrOBOr0 MEPEMHOMXUTENS Il CPEIHEN 4YacTOThl N€HEPALMH HA JIEBOM CKJIOHE
pe30HaHca U Ha MPaBOM CKJIOHE. [ mpOCTOTHI pacCyXIeHUuil OyAeM CUHUTaTh, YTO
ONIOPHOE HAIPSDKEHWE Ha HIWKHEM BXOJE IEPEMHOXKUTEN HMeeT (opmy
IPSIMOYT'OJIBHUKOB, 3 HE CHHYCOM/IBI.



UpUpy

UEXUDI'I

3nece Uy n Uy — HanpspKeHUS HA BEPXHEM BXOJE MEPEMHOXKHTENSA B IBYX

ClIydadax: Koraa 4acrora recHcpannu J1a3cpa HaXOJUTCA Ha JICBOM CKJIOHC PC30HAHCA
HACBIIICHHUA ITOTJIOMCHMA W KOI'Jd 4aCTOTa HAaXOJUTCs Ha IIPaBOM CKIIOHC; UOI’l —

OIIOPHOC HAIIPSIKCHHUC CHUHXPOHHOI'O JACTCKTOpA, IIOAaBAac€MOC Ha HWKHHUHA BXOJ
MMCPEMHOKUTCIIA, Ul U on — HAIIPpsKCHUEC HaA BbIXOJAC IICPEMHOXUTCIL, CCJIN

JacToTa IreHEpanuu Jas€pa HAXOAHUTCA Ha JICBOM CKJIIOHC PC30HAHCA HACBIIMICHUSA
IOTJIOIICHMUA, U2 : UOI’l — HaIlIps>KCHHUEC HA BBIXOAC, €CJIIM 4aCTOTa Ha IIpaBOM CKJIOHE.

CrnaxxenHoe RC -1IeNOYKOW HANPSYKEHHUE C BBIXOAA MEPEMHOKHUTENS SIBISIETCS
CUTHAJIOM OIIMOKMA CHUCTeMbl cTabunuzauuu. [locne ycuieHus 3TO HampsiKeHHE
MO/AETCSI HAa IbE30KEpPaMUKYy Ja3zepa [Jisl YNPaBICHHUS YacTOTOM €ro reHepanuu.
Ycunurenab MOKeT ObITh HTHBEPTUPYIOIIUM WM HE HHBEPTUPYIOLIUM B 3aBUCUMOCTH
OT TOr0, B KaKyl0 CTOPOHY M3MEHSETCS 4acTOTa FeHepalu Jla3epa IpH YBEIUUYECHUH
HaIpsDKEHUsT Ha Nbe3okepamuke. Eciau dactoTa BO3pacTaeT, TO IJs MOJYyYEHHUS
OTpULIATETILHON 00paTHOM CBSI3U YCUIIUTENb AOJKEH ObITh HE MHBEPTUPYIOLLIKM.

Cucrema crabuiM3aldyd CTPEMHUTCS YIEpKaTh HYJIEBOE 3HAUYEHHE CUTHaja
OLIMOKHU, YTO COOTBETCTBYET CTAOUIIM3AIMM YACTOTHI F€HEpaIMy 10 HYJIO NEPBOM
IPOU3BOJHOM 3aBUCUMOCTH MOIIHOCTH Ha NPUEMHHUKE OT 4acToThl. Homb mepBoit
IPOU3BOJIHOM C XOPOUIEH TOUHOCTBIO COOTBETCTBYET LIEHTPY PE3OHAHCA.

da3oBpaniaTeib HA ONEPAIMOHHOM YCHIINTEJIE.
B cuHXpOHHOM HneTeKTope XOTenoch Obl mogo0paTh a3y OMOPHOTO CUTHAJIA
Tak, 4TOOBI OTJACTCKTHPOBAHHOE HANpPsDKCHHWE OBLJI0O MaKCHMalbHBIM. J[s 3TOTO
yno0eH (ha3oBpaIaTeb.
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T
Hc YUYETOM TOI'0, YTO HAIIPSAKCHHUC HAa KOHACHCATOPE OTCTACT I10 (1)8,36 Ha 5

OT HAIpPSHKEHUS Ha IEPEMEHHOM PE3UCTOPE, MOJydyaeM MPaBblii PUCYHOK.

CucreMa 4acTOTHOM NPUBA3KHU OIHOTO Jia3epa K APYIroMy.

Hwxe npuBeneHa npuHOMNManbHasg CXE€Ma JKCIIEPUMEHTAIBHOM YCTAHOBKH,
MO3BOJIAIONIASA TMOJYYUTh YAaCTOTHO CTaOMJIM3UPOBAHHOE U3Iy4YCHHE Jia3epa C
BO3MOXXHOCTBIO MEJIEHHOM TMEPEeCTPOMKH CTaOMIM3HUPOBAHHOTO HW3IIyUYEHHUS IIO
4acToTe (CKaHUPOBAHUSA 10 YACTOTE).




CHCTeMA CTa0HTH3AITHH

OIMOPHOTOC JIazepa
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3ech BEpXHUM TaK Ha3bIBAEMbIM OMOPHBIM Ja3ep CTaOMIM3UPOBAH 10
pPE30HAHCY HACBIIIEHUS TMOTJOLIEHUs. Bcs  3nekTpoHHass 4YacTb  CHCTEMBI
cTaOMIM3aIuHU OMOPHOTO Jiazepa N300pakeHa OTHUM MPSIMOYTOJIbHUKOM.

N3nyuenne onopHOTo Ja3epa CIyKUT YaCTOTHBIM PENepoM Ui CTa0UIH3aIiH
YaCTOTHI T€HEPALUU (YACTOTHOM MPUBSI3KU) HUKHETO MEPECTPAuBAEMOr0 MO YacTOTE
Jasepa.

W3nyuenue nByxX mna3zepoB HHTEpepUpyeT HAa MPHUEMHHKE, SJIEKTPUUYECKOE
HanpspKeHHe € KOTOPOro MpPEACTaBIsSeT COOOW CHHYCOMIYy Ha 4YacTOTe€ paBHOMU
Pa3HOCTH YacTOT JBYX JIa3€POB.

C mnpueMHUKa O3JEKTPUYECKMH CHUTHANl TOCTyMaeT Ha Mpeodpa3zoBaresb
yacrota-Hamnpspkenue  f—>U. Hanpsokenune ¢ BbIxoga mpeoOpa3oBareds

CPaBHUBAETCS C MOCTOSIHHBIM HaNPSKEHUEM, KOTOPOE C NOTEHIUOMETPA MOJAETCS Ha
MUHYC-BXOJT T HEepeHITNaTLHOTO YCUauTesd. Pa3HOCTh 3TUX HANpsDKEHUM HA JBYX
BXxoMax Iu(PEpeHINMATBHOTO YCUIUTENS SIBISCTCS CHUTHAJIOM OIIMMOKH CHUCTEMBI
YaCTOTHOW MPUBA3KU NEPECTPANBAEMOTO Ja3epa. Y CUIICHHOE HANIPSHKEHUE C BBIXOJA

b depeHnanbHOTO YCUIIMTEN TOCTYNAaeT Ha MbE30KePAMHKY Uil YIpPaBIICHUS
4acTOTOM TeHepaluu ja3epa.



Bo3moxHas cxema Hpeo6pasoBaTeJ1;1 JaCcTOTa-HAIIPSAKCHUC H306pa>I<eHa Ha
HHKCCIICAYIOIEM PUCYHKE.

1 | 2
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2ZH .

HE HE HE

Ha CICAYIOIIEM PHUCYHKC IMPHUBCACHLI HAIIPSKCHUA B KOHTPOJIbHBIX TOYKax 1,
2,3,4,5.

U;

t

B wMmoeli ycraHoBke Oblna Jpyras cxema MpeoOpasoBaresisi 4YacTora —
HarnpsHKeHUE.

CneBa — KoMIIapartop € ABYMSI BbIXOAaMH, CIIpaBa — OHepaHI/IOHHHﬁ
YCHUIIUTCIIb.

dazoBag apTonoacTpoinka 4actorhl (PAITY)
reseparopa vupasJjsemoro HanpsixkeaueMm (I'YH).




B coBpemeHHBIX CcXemMaxX 4YacTOTHOW TMPUBS3KH HCHOJB3yeTcs (a3oBas
NOJICTPOMKA YacTOThl OMEHHs ABYX Ja3epOB IOJ YaCTOTYy HEKOTOPOro OMOPHOIO
renepatopa (OI'). Takas cuctema NPUBS3KKH TpPeOyeT OOJBIIEro OBICTPOICUCTBUS
JIOTUYECKUX CXeM, HO o0ecreynmBaeT 0o0Jyiee BBICOKYIO CTENEHb CTaOWIM3alUuU
4acTOThI IIEpEeCTPauBaeMoro jasepa.

[MpuHiunuansHas cxema (a3oBOil aBTOMOACTPONMKM YacCTOTHI MPUBEICHA Ha
CJIEYIOLIEM PHUCYHKE, TJIe pOjb CUTHaJa C NpUEMHUKAa OWEHUU JBYX Ja3epoB
BBITIOJIHSIET CUTHAJI ¢ TeHepaTopa yipasisiemoro Hamnpsbkenuem (I'YH):

or —‘ \ u.

+5B —

I'vH HCKTIFOYAloIIee —_
nim

+25B

Tabnua UICTUHHOCTH 71l JIOTMYECKUX YPOBHEH MHKPOCXEMBI UCKIIIOYAIOIIee
NJIN:

— OO
(Nl k)
—_— D

1 1 0
[TycTh pazHocTs ¢a3 reneparopoB OI' u 'YH paBHa o .

Ecmu 6p=0,T10 U, =0B.
Ecmn op=7,10 U, =5B.

Ecimn 5¢)=% WiIn 5¢)=37”,T0 U,=2.5B.

OmHO W3 3THUX JABYX 3HAYCHUH — IIOJIOKEHHWE YCTOWYHMBOTO pPABHOBECHS
cucreMsl ctabmnn3anuu 94actoTel I YH 1o yactore OI'.

PagnoonTtuueckuii MOCT.
JIns  cpaBHEHMS ONTHYECKOM YACTOThI M YacTOThl B PaJHMOYaCTOTHOM
Jana3oHe CIYXKAT TaK Ha3bIBAEMbIM PAJIMOONTUYECKUMH MOCT. lIpumHImnuanbHas
CXeMa paMOONTUYECKOTO MOCTA IMTPUBEAEHA HAa HUKECIIEAYIOIEM PUCYHKE.
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P. V. POKASOV, R. HOLZWARTH, TH. UDEM, M. ZIMMERMANN, J.
REICHERT, M. NIERING, T. W. HJINSCH, A. K. DMITRIYEV, S. N.
BAGAYEV, P. LEMONDE, G. SANTARELLI, P. LAURENT, M. ABGRALL, A.
CLAIRON, and C. SALOMON (2002) ABSOLUTE FREQUENCY



MEASUREMENTS OF A METHANE-STABILIZED TRANSPORTABLE HE-NE
LASER AT 3.39 um. Frequency Standards and Metrology: pp. 510-512.

Jlnst cpaBHEHHs TOYTHM KPAaTHBIX YacTOT JIa3€pOB MCIOJIb3YETCS MPUEMHUK
U3JIy4eHMs TUna "Komaduii yc".

OTO NPUEMHUK, KOTOPBIH pearupyeT Ha HAIPSKEHHOCTh 3JIEKTPUYECKOIO MO
CBETOBOW BOJIHBI, 3 HE HA UHTEHCUBHOCTb, KaK OCTAJIbHBIE IPUEMHUKHA ONTUYECKOTO
nuanazona. Hanpumep, B pOTOTOKE MPUEMHUKA MOKHO MOJIYYUTh CUTHAJI HA 4acTOTe
V| —3V,, €CIIU 3Ta 4acTOTa JOCTATOYHO HU3KAs.

CucremMa HaKOILIEHUSI CUTHAJIA.
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LabView.
Arduino.
OrCAD. P-CAD.
CHUMyaSTOpPBI.
Mynpstucum, Multisim 12.0, EveryCircuit (mporpamMmma MOJEIHPOBAHUS
ANIEKTPOHHBIX CXEM).

OnepalMoOHHbIA YCUIIUTENb C OJTHUM MMUTAHUEM:
(Operatial Amplifier) Single Supply niau Rail-to-Rail
puMep, HO He coBceM yaauHblii: LNC6484

[Iporpammupyemble MUKPOCXEMBI:
PLD

EPM7128SVLC84

FPGA

EP1C6T144C6

FT245BM

HporpaMMa A1 CUMYJIAIHA IIOBEACHUA CIIOKHBIX JIOTHICCKHUX U daHAJIOT'OBBIX CXEM C

Y4C€TOM HUX HC UJCAIIbBHOCTHU!

QUARTUS 9,1:
https://drive.google.com/file/d/ITWf 0ZvjVEmNsL 72KFDSs-nLtdSbL0X/view?usp=sharing

bpaysep Tor.
RuTracker.org, peructparnus o moure.

utorrent182.exe:
https://drive.google.com/file/d/1vzZNX7hoBAmjG5SeZk4EZrJRFwPdD XalU/view?usp=sharing



