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na'IHHOB B.M., Ca6aea A.A •. P13 - 11910 
AaroMaTH'iecKell qacroroMep o.ns SIMP-MarHHTOMerpa, caR3aHHbiA 
c cecreMoll KAMAK 

PaccMoTpeu aaTOMSTH'Iecxel! 'IBCTOToMep nns. SIMP-MaraeToMeTpa. 
Ou npenuaaua'leH nn11 H3Mepeuug 'laCTOTbl SIMP a npencraaneueR peaym.
TaTa aaMepeua!l a eneuanax Maruaruoro nons1 c TO'iHOCTbiO -!o-5, C no
MOWbiO nononuarenbuoro 6noxa CB!I3H B craunapTe KAMAK 'iSCTOTOMep 
MOlKeT BKniO'i8TbCSI B 8BTOM8TH3Hp0B8HHYIO CHCTeMy C 38M llllSI H3MepeHBSI 
MarHHTHblX noneJ! HllH K8llH6pOBOK M8rHHTOMeTpOBo 4aCTOTOMep H 6nOK 
CBSI3H BblnOnHeHbl H8 HHTerpallbHbiX MHXpOCXeMaX. MaKCHM8nbH8SI H3Mep!le
M8SI 'lacrora paaua -180-200 Mfu. Peaym.TaTbl H3MepeHHSI npencraanRIOTCSI 
H8 8-UH~pOBOM lleK8llHOM HHllHK8TOpe. 

Pa6ora aLmonueua a Ornene HOBbiX MeTonoa ycxopeRHSI OHSIH. 

npenpRHT 06'hellRHeHHOI'O RHCTRTyTa RAepHbiX accneAOB8HBil. Dy6Ha 1978 

Lachinov V.M., Sabaev A.A. P13 - 11910 
Automatic Frequency Counter for Nuclear 
Magnetic Resonance Magnetometer Connected 
with CAMAC System 

An automatic eight-digit frequency counter for the 
nuclear magnetic resonance magnetometer is described. It 
offers decade digital read-out of the measured magnetic 
field strength in Tesla units with the accuracy of 
about-lo-&. There is an additional 1-width CAMAC plug
in-unit which communicates the frequency counter and the 
system with the computer for automatization of measuring 
magnetic fields and calibration of other magnetometers. 
The frequency counter and the CAMAC plug-in-unit are 
designed using modern integrated circuits. The maximum 
measured frequency equals ~80-200 MHz. 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

BBEJ!EHHE 

CospeMeHHa.ll JIMP - MarHHTOMeTpH.II onpe,D,en.lleT p.II.IJ. 

Tpe6oBaHHH K cnenHanH3HpOBaHH~M aBTOMaTH4eCKHM qac

TOTOMepaM/1,2/ npHMeHJieM~M ,IJ,ll.ll perHCTpaUHH JIMP - CHr-
' HanOB H COOTBeTCTBeHHO MarHHTHbiX noneH. Bo-nepBbiX, 

4aCTOTOMep ,IJ,OIDKeH npe,D,CTaBllJITb pe3yllbTaT H3MepeHHJI 

B BH,D,e ,D,eCJITH4HOrO 4HCna B e,D,HHHUaX MarHHTHOrO DOllJI 

C MBHHManLHOH norpeWHOCTblO npeo6pa30BaHHJI ,IJ,llJI HC

nonLJyeMoro JI,D,epHoro o6pa3na. Bo-BTOpblx, >KenaTenLHO 

DO,IJ,HJITb BepXHIOIO rpaHBUY B3Mep.lleM~X 4aCTOT ,IJ,O 

-200 MF11, 4TO, HanpHMep, .D.n.ll npoTOHH~x o6pa3UOB 6y.D.eT 

COOTBeTCTBOBaTb MarHHTH~M DOllJIM - 5 T, KOTOpble B 

HaCTOJI~ee BpeMJI npaKTB4eCKH peanHJYIOTCJI B CBepxnpo

BO,IJ,JillUIX MarHHTH~X CHCTeMaX. HaKOHeU, He06XO,IJ,HMO BHe,D,

pJITb B KOHCTpyKUHIO 4aCTOTOMepa JneMeHT~ HHTerpanLHOH 

JneKTpOHBKH, 4T06~ DOB~CHTb ero Ha,D,e>KHOCTb, a TaK>Ke 

yMeHLWHTb ra6apHTbl.llocne,D,Heecnoco6cTBYeT6oneey.D.o6-

HoMy COBMe~eHHIO npH KOHCTpyHpOBaHHH JIM P - MarHHTO

MeTpa C 4aCTOTOMepOM HllB ,D,a>Ke B~~~7HeHHIO BX B BH,D,e 

O.D.Horo 6noKa B cTaH,D,apTe KAMAK , 4TO sa>KHo npH 

aBTOMaTH3aUBB H3MepeHHH C HCDOllb30BaHHeM 3BM. 

HH>Ke paccMoTpeH qacToToMep, pa3pa6oTaHH~H B OT

,D,ene HOB~X MeTO.D.OB ycKopeHHJI OHJIH, npa coJ,D,aHBH 

KOTOporo Y4HTbiBanHCb yKa3aHHble BbiWe Tpe6oBaHHJI. llo

CKOllbKY 4aCTOTOMep npe,D,HaJHa'leH ,IJ,llJI JIMP - MarHHTO

MeTpa C npOTOHHbiM o6pa3UOM, npH npeo6pa30BaHHB 4aCTO

Tbl JIMP B 3Ha'leHBe MarHHTHOrO non.ll HCDOllb3yeTCJI 

HaB6onee T04HOe 3Ha4eHHe DOCTOJIHHOH CBJIJH/2,3,4/: 

cP 2rr/ Y p =/2,34874±0,00001/·10-8 T/F11 . /1/ 

TaK KaK cHrHan JIMP B >KH.D.KOM npoTOHHOM o6paJue 

cna6o 3aBHCHT OT KOHUeHTpaUHH ,IJ,ODOllHHTenbHO ,D,06aBnJI-
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eMWX napaMarHHTHWX HOHOB, TO .IVIJI HCKJIIOqeHHJI norpew
HOCTH OT HaMarHaqusaHHJI o6pa3u;a u;enecoo6pa3Ho npu
MeHeHHe 0,16 M pacTsopa NiS04 • 7H2 0, T.K. ero Mar
HHTHaJI BOCnpHHMqHBOCTL 6nH3Ka K HYJIIO H, cneAOBaTenLHO, 
npHMeHHMO 3HaqeHHe /1/ AnJI Cp. 

HHOrAa AnJI CHIDKeHHJI pa6oqax qacTOT JIMP npHMeHJIIOT 
pa6oque se~u;ecTsa c JIApaMH 7Li una 2n . B 3TOM cnyqae 
COOTBeTCTBYIOIQHe nOCTOJIHHWe CBJI3H AnJI 3THX BeiD;eCTB 
paBHW 

-8 
CLi = 217'/yLi =/6,04359±0,00001/·10 T/Fll, /2/ 

C
0 

= 2rr/y
0

=/15,8005±0,004/· 10-8 T/F&~. /3/ 

KpoMe pa6oTw qacToToMepa s asToHOMHOM pe)I(HMe, 
npe,nyCMOTpeHO HCnOnL30BaHHe ero B aBTOMaTH3HpOBaHHOH 
CHCTeMe COBMeCTHO C JIMP - MarHHTOMeTpOM H APYrHMH 
6noKaMH B cTaHAapTe KAMAK c noAKJIIOqeHHeM K 3BM. 
3TO n03BOnHT C 6onee BWCOKOH TOqHOCTLIO H CKOpOCTLIO 
npOBOAHTL MarHHTHWe H3MepeHHJI H KanH6pOBKY pa3nHqHOH 
MarHHTOMeTpaqecKoii annapaTypw. 

I>JJOK- CXEMA fJ:ACTOTOMEPA 

Ha puc. 1 npeACTasneHa noApo6HaJI 6noK-cxeMa qacTo
ToMepa, KOTOpWH 4JyHKD;HOHHpyeT no H3BeCTHOMY npHH
u;Hnyfl/, HapJIAY C BHyTpeHHHM 6nOKOM nHTaHHJI C06CTBeH
HO qacTOTOMep, KaK aBTOHOMHWH npa6op, COAep)I(HT eiD;e 
ADa OCHOBHWX 4JYHKD;HOHanLHWX ylna: 6noK ynpasneHHJI 
H xpoHHposaHHJI H cqeTHo-perHCTPHPYIOID;Hii 6noK. KpoMe 
TOrO, HMeeTCJI OTAenLHLIH 6nOK CBJI3H qaCTOTOMepa C 
CHCTeMoii KAMAK. 

B 6noKe ynpasneHHJI H xpoHHposaHH.JI HMeeTc.JI onopHwii 
KBapu;eswii reHepaTop /1 MF'I! H yMHO)I(HTenH ero nepHOAa. 
0HH OCyiD;eCTBnJIIOT 4JopMHpOBaHHe .IVIBTenLHOCTH ceneKTH
pyiOIQHX HMnynLcos - Tc, 3aAaiOIQHX speMeHa. H3MepeHHJI 
/0,234874, 10-3 10-2 10-1 1 c/, a TaK)I(e nepHoAW nos-

4 

'l • ...... y~ 8' Q,. .)( 

del 

Q. It\ 
~ t:::i~ 

~~~~~ .., 
I 

r--- -~--- --
...- - - - - 1 A 3i~ 
I .iii~ I 

I ~ ~~ 1 ~ ~ ~~ ~ I ~ i ~': cs e 
:.:: :t I I I ., I 9..~.. ... t \J 

0 cs f--7101 ~i ~ I ll(U "~ 
~ ~ L ... +1 if'~ ~ .---J.-it-~~~ r- ~ CS 

I C:: l"lo I ~ ~Q. I ~ ~ .::r 1'1'1 

... ... ~ t Q::... I t::: 
L - - - - - .J u 10 L - t: - - - - ""1 \--' 

r------ -----...., ~ ~ u llfl';-
1 ... Ql I ~ I u It:: 

I IS 8 ~ I u ~ f t::: .~ I 
I t 0 ~ u ::r (J SIS""' 
1 u~a l -----, I ~8'~ 
1 0°~ I I ~~ • u • I N~~ 
I ~ O -- I ~~~~ ,; 
11-- -... f- 8'~: : I :}t:~ 
I I' ~qj~ 1 
I .._ " I I 
~ 0! I I 

1~:::;: f- ' - .. 
I ~ I'.._ Q ::S (l) ..._ r.l- I ~g., 
I .0 I I :t 0 ~ 
II~ t I ::~ •I• 
.._ f.-- ..._ I I f ... u 

I~ ()'j h. h ..0 C'lh""" I :Ji 4: ~ 
I - I I I 't) 

I 1--- • I ~ I ...L-..:~ 
IQ ... I... UCX: :): ~ rt" t::~ ~ 
0 .... I ~ "l,:::;:l 
...._ t I I .o ....... 

foe- I "cs u 
~ ~-~~ :S ~ l- ~~ I ~g.~ 
~ I Ml~ 
::S foe- t I I ~-~~ 
()) llj (\) 0 <lJ <U ~ : :f. t e-
:t t I . 

:::s 1- .... Q) (" foe- ..:t ~ ~ 
-...._1 "- '-'1 I 

• 

-t-1 
u 1-4-J 

I I I 
~- ... • ~ " I Q .......~ 

f-

·- - -- - - - - - - - - - - - - - - _J 
L ____ .J 

~ 
~ 
0 • 0 • (.) 

~ 
c:s 
~ 
a! 
)< 
(.) 

I 
:.: 
0 

~ 
.... 
(.) 
::s 
~ 

5 



TopeHHJI H3MepeHHii - Tn /2, 4 H 8 c/ npH aBTOMaTH'IeCKOM 

pe:>KHMe pa6oTbl. 

H3MepJieMblii curaan c 'lacToToii .D;O _ 180 + 200 MF1.1 
H aMnJIHTy.D;oii He Meaee 0,05 + 0,1 B /3cW>eKTHBHOe 3Ha

qeaue/ B Te'leHBe Tc nocTynaer aa BXO.D; 8-paJpJI,IJ;Horo 

,IJ;eKa,IJ;HOrO C'leT'IBKa. KoHe'IHOe COCTOJIHBe C'leT'IBKa, on

pe,D;eJIJieMoe 'laCTOTOH CBrHaJia, ~BKCBpyeTCJI B perBCTpe 

naMJITB B MOMeHT nOJIBJieHBJI Ha ero BXO,IJ;aX CTpo6BMnyJIL

ca, KOTOpbiH ~OpMBpyeTCJI CXeMOH ynpaBJieHBJI nocJie OKOH

'IaHBJI CeJieKTBPYIOID;ero BMnyJILCa. ll,B4JpOBOH BH,IJ;BKaTop 

npe,D;CTaBJIJieT pe3yJILTaT B3MepeHBJI ,IJ;JIJI BB3yaJILHOrO Ha-

6JIIO,IJ;eHHJI. YaeJIB'IeHBe pa3pJI.IJ;OB .D;O 8, B 'laCTHOCTB Ja 

C'leT BBe,IJ;eHBJI QXO,IJ;HOH B.'l. BH,IJ;BD;HpyeMOH ,IJ;eKa,IJ;bl, o6ec

ne'IHBaeT MaKCHMaJILHO TO'IHOe BOCnpOH3Be,IJ;eHHe pe3yJILTa

Ta npu pa3HbiX pe>KHMax B3MepeHHJI. Bb16HpaJI nepeKJIIO

'IaTeJieM ll2 .D;JIHTeJILHOCTL Tc paBHoii 0,234874 c H no.D;aBaJI 

Ha C'leTHbiH BXO,IJ; CHrHaJI OT JIMP - MarHHTOMeTpa C npo

TOHHbiM o6pa3D;OM, nOJIY'IHM Ha Ta6JIO 'IHCJIO, KOTOpOe 

cooTBeTCTByeT B3MepJieMOMY nonro B e.D;HHHD;ax T. Bb16op 

Tc c .D;JIBTeJILHOCTJIMH 10-~ 10-2, 10-1 H 1c o6ecnequaaeT 

HH.D;BKau;uro HJMepJieMoii qacTOTbl a MF1.1. 
fiepe,D; Ka:>K,IJ;biM D;HKJIOM H3MepeHHJI CXeMa JanycKa 

npOH3BO,IJ;BT C6poc C'leTHbiX ,IJ;eKa,IJ; B BCXO,IJ;HOe COCTOJIHHe 

H BHHD;BHpyeT pa6oTy ~OPMHpOBaTeJIJI CeJieKTHpyiOID;ero H 

CTp06HpyiOID;ero BMnyJILCOB. lJaCTOTOMep MO>KeT JanycKaTL

CJI BPY'IHyro I c noMOIULIO KHOnKH ITS Ha nepe.D;Heii naaenu/ 

H aaToMaTH'IeCKB . c nepHo.D;oM Tn /'ITo ocymecTBJIJieTCJI 

nepeKJIIO'IaTeJIJIMH ll3 H ll4/. 

Bae.D;eHHe perucTpa naMJITH Me>K.D;Y c'leT'IHKOM H HH.D;B

KaTopoM yCTpaHJieT MeJILKaHBe HH,D;BKaTopa BO BpeMJI C'le

Ta H n03BOJIJieT Y.D;06HO nepe,D;aBaTL pe3yJILTaT C'leTa 

c BbiXo,IJ;a perucTpa naMJITH B 6noK CBJI3H 11epe3 paJ'LeM P2. 

JiJIOK CBJI3H Henocpe,IJ;CTBeHHO BKJIIO'IaeTCJI B MarHCTpaJIL 

KAMAK aaToMaTH3HpoaaHHOii CHCTeMbl Ha JIHHHH c 3BM 

B Bblpa6ana~aaeT cHrHaJibl JanycKa 'laCTOTOMepa H nepe,D;a'IH 

,IJ;aHHbiX cor nacHo KoMaH.D;S.M cTaH.D;apTa KAMAK. llpu pa6oTe 

'laCTOTOMepa COBMeCTHO C MarHHTOMeTpOM ero JanyCK 

CTp06HpyeTCJI CBrHaJIOM OT MarHBTOMeTpa, no,IJ;TBep:>K,IJ;aiO

ID;HM HaJIH'IHe TO'IHOH HaCTpOHKH JIMP Ha H3MepJieMoe 

noJie. ,IJ;JIJI nHTaHHJI CXeMbl 'laCTOTOMepa B HeM HMeeTCJI 
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CTa6HJIH3HpOBaHHbiH HCTO'IHHK i. ~TaHHJI CO CJie,IJ;yiOID;HMH 

BbiXO.D;HbiMB napaMeTpaMB: +5 Bj:c: A, +5 B/2 A, -6 B;0,5A. 
fiBTaHHe 6JIOKa CBJI3H OCylD;eCTBJUieTCJI OT HCTO'IHHKa Kpeii-

Ta KAMAK. ' 

EJIOK YIIPABJIEHH.R H XPOHHPOBAHH.R 

CxeMa 6JioKa ynpaaneHHJI H xpoHupoBaHBJI qacTOTOMepa 

noKa3aHa Ha puc. 2. OnopHbiH reHepa TOp c BbiXO.D;Hoii qac

ToToii 1 MF1.1 BblnonHeH Ha 3JieMeHTax HJIH Mo.D;yJIJI ,D;23 

c ucnoJIL30BaHHeM KBapu;eaoro pe3oHaTopa ll31 6e3 TepMo

cTa6HJIH3au;HH. CTa6HJILHOCTL 'lacTOTbl reHepaTopa cocTaa

JIJieT - 1o-6 I oc c oTKJioHeHHeM oT HOMHHana - 10-5. 

YMHO>KeHHe nepHO,IJ;a reHepaTopa /1 MKC/ ,IJ;O 0,234874 C 

npOH3BO,IJ;BTCJI ,IJ;eJIBTeJieM 'laCTOTbl C noMOID;LIO ,IJ;1 ,1 /Ha 2/ 

H ,D;2 + ,D;11 /Ha 117 437 I. llocJie.D;HHH ,IJ;eJIHTeJIL cocTOHT 

B3 u;enH nOCJie,IJ;OBa TeJILHO BKJIIO'IeHHbiX ,IJ;BOH'IHbiX TpBr

repOB C o6paTHOH CBJ13LIO 'lepe3 C3 ,R6,,IJ;12, KOTopaJI ycTa

HaBJIHBaeT 'laCTL TpHrrepoB B COCTOJIHBe "1" nepe,IJ; Haqa

JIOM HOBOrO D;BKJia, o6ecne'IBBaJI Heo6XO,IJ;HMYIO ,IJ;JIHTeJIL

HOCTL ne~HO.D;a Ha BbiXO,IJ;e. lloJiy'leHHe 3Ha'leHHH Tc, paa

HbiX 10- , 10-2, 10 -Ia 1 C, npOH3BO,IJ;HTCJI ,IJ;eKa,D;HbiM 

,IJ;eJIHTeJieM 'laCTOTbl Ha MO.D;YJIJIX ,D;13 + ,IJ;18. KnaBHWHbiM 

nepeKJIIO'IaTeJieM ll2 BLI6HpaeTCJI HY:>KHaJI ,IJ;JIBTeJILHOCTL 

nepHo.D;a .D;JIJI ~opMHposaHBJI Tc. 

<llopMHpOBaHBe npH aBTOMaTH'IeCKHX H3MepeHHJIX nepH

O,IJ;OB noaTopeHHJI Tn, paBHblx 2, 4 H 8 c, ocymecTBJIJieTcJI 

,IJ;BOH'IHbiM C'leT'IHKOM Ha MO,IJ;yJie ,IJ;19, BXO,IJ; KOTOpOrO 

no,IJ;KJIIO'IeH K BLiXO.D;Y ,IJ;18 ,IJ;eKa,IJ;HOrO ,IJ;eJIBTeJIJI. 0KOH'Ia

TeJILHO 4JopMupoaaHHe ceneKTBpyiOmero HMnynLca Tc npo

Hcxo,IJ;BT cne.D;yiOID;HM o6pa3oM. CHrHaJI npJIMoyroJILHOH 4Jop

Mbl c nepBO.D;OM Tn, Bb16HpaeMbiM nepeKJIIO'IaTeJieM ll3, 

,IJ;BclMl>epeHD;BpyeTCJI Ha C5 . lloJiy'leHHbiM KOpOTKHM OTpH

D;aTeJILHbiM HMnyJILCOM qepe3 3JieMeHTbl HJIH I ,D;24, ,IJ;25/, 

Bo-nepBbiX, c6paCbiBaeTCJI B 0 OCHOBHOH C'leT'IHK, a, 

BO-BTOpbiX, nepeKJIIO'IaeTCJI no BXO,IJ;y J TpHrrep ,IJ;20. 

CurHaJI 1 c BbiXO.D;a Q TpHrrepa ,D;20 nocTynaeT Ha o.D;HH 

H3 BXO,IJ;OB 3JieMeHTa 2H/ ,IJ;21/. Ha BTopoii BXO,IJ; 3TOrO 

3JieMeHTa 2H nocTynaeT nOJIO:>KBTeJILHbiH HMnyJILC llOCJie 

,IJ;BcW>epeHu;upoaaHHJI cHrHaJia c nepuo,IJ;OM Tc. BbiXO.D;HOii 
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HMnynbc c ~21 nepeKmo'laeT TpHrrep ~22, c swxo,D;a Q 
KOToporo qepe 3 ,D;enHTenb R 8 , R 9 H TpaHJHCTOP T 1 oTpH
uaTenbHbli nepena.D; noTeHuHana c aMnnHTy.D;oi ,D;o - -2 B 
no,D;aeTcJI Ha BXO.D;Hoi ceneKTOP C'leT'IHKa I puc. 3/, onpe
.D;enJIJI nepe,D;HHi ~POHT ceneKTHPYffi~ero HMnynbca. KoHeu 

ceneKTHPYffi~ero HMnynbca onpe,D;enJieTcJI nocne.D;yiO~M 

HMnynbCOM C ~21, KOTOpbiB nocTynaeT 'lepe3 nepHO,IJ; T C 
H nepeKmo'laeT TpHrrep ~22 B HCXO,IJ;HOe COCTOJIHHe. fipH 
3TOM cHrHan 0 c uwxo,D;a Q TpHrrepa ~22 nepeKnroqaeT 
no BXO,D;y K TpHrrep ~20, BbiXO,IJ; KOTOporo 6nOKHpyeT 
3neMeHT 2H/~21/ .D;O Ha'lana cne,D;yro~ero HMnynbca Tn. 

3neMeHTbl HJIH I ~27 I c npoMe)l(yTO'IHbiM .D;HcWlepeH
UHPOBaHHeM Ha C 4 ~opMHPYIOT H3 cHrHana T c c Q- swxo.D;a 
,U22 KOpOTKHB CTp06Hpyffi~B HMnynbC 1, COOTBeTCTByiO
~B KOHUY cHrHana Tc, .D;nJI nepe,D;a'IH peJynbTaTa C'leTa 
Hl ocHOBHoro C'leT'IHKa B perHcTp naMJITH I puc. 3/. 

llpH pa6oTe qacToToMepa Ha MarHcTpanb KAMAK Hl 
6noKa CBJI3H npHXO.D;HT KOMaH,D;a N A ( 1) F ( 0) , KOTopaJI 
COBMeCTHO C CHrHanOM rOTOBHOCTH OT JIMP·MarHHTOMeT· 
pa qepel 3neMeHTbl H H HJIH MO,D;ynJI ,U26 ocy~ecTBnJieT 
JanyCK H3MepeHHJI, ecnH OHO B 3TOT MOMeHT He npOHC· 
XO,IJ;HT. fiocne OKOH'IaHHJI H3MepeHHJI HanH'IHe yKa3aHHhlX 
cHrHanoB H noJisneHHe cTpo6Hpyffi~ero HMnynbca Ha sxo
,D;ax 3neMeHTa H /,U26.4/ Bo36y)I(,IJ;aeT Ha BhlXO.D;e ero HM
nynbc, KOTOphlB nOCTynaeT B 6nOK CBJI3H H ~OpMHpyeT 
cHrHan L - roTOBHOCTH nepe,D;a'IH HH~opMaUHH B MarHcTpanb 
KAMAK /puc. 4/. 

llepeKniO'IaTenb ll1 noJBonJieT no.D;aTb Ha BXO,D;'IacTo
TOMepa cHrHan 1 MTll OT BHyTpeHHero reHepaTopa .D;nJI 
nposepKH pa6oTocnoco6HOCTH npH6opa. 

Pe)I(HM HJMepeHHJI B e,D;HHHUax nona HnH qacTOThl Ja
,D;aeTCJI nepeKniO'IaTeneM ll2.1 H HH.l(HUHpyeTCJI naMnaMH 
Jl1, Jl2 COOTBeTCTBYIO~HX Ta6no Ha nepe,D;HeB naHenH. 
Pe)I(HM py'IHOro paJoBoro ItycKa qacTOTOMepa ocy~ecT
BnJieTCJI nepeKmo'laTeneM ll4 H KHOnKOB 5. 

fipH HCnOnblOBaHHH B MarHHTOMeTpe JI,D;epHbiX o6pa3· 
uos c 7 Li HnH 2 D .D;nJI perHcTpaUHH peJynbTaTa HJMe
peHHJI B e,D;HHHUaX He06XO,IJ;HMO JaMeHHTb nnaTy YMHO· 
)I(HTenJI nepHO,D;a ,D;pyroi, B KOTOpOB K03cWlHUHeHT YMHO)I(e • 
HHJI Bb16paH COr naCHO Bblpa)l(eHHJIM /2/ HnH /3/. 
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Puc. 3. CxeMa c~e•Ho-pezucmpupyrofllezo 6/loKa. 

ClfETHO- PEFHCTPHPYIOII!HH IiJIOK 

Ha puc.3 noKa3aHa cxeMa cqeTHo-perHCTPHPYJO~ero 

6noKa. H3MepJieMblii cHrHan npH Hanuqaa ceneKTHPYJO~ero 
HMnynLca Tc nocTynaeT Ha cqeTHblii axo,11, 8-pa3pJI,IJ,Horo 
,IJ,eKa,IJ,Horo cqeTqaKa, BKmoqaiO~ero BXO,IJ,HYIO a.q. ,IJ,eKa,IJ,y 
H HHTerpanbHble ,IJ,eKa,IJ,bl ,D;33 +,I1;39. 

B x o ,11, H a JI B . q • n e p e c q e T H a JI ,11, e K a ,11, a/ 5/ no-
CTpoeHa Ha 3CJI MHKpocxeMaX cepHii K138HK500IK100I. 
0Ha cocToHT I puc. 41 H3 4 ,IJ,BoHqHbiX Tparrepoa c ,IJ,onon-

10 

HHTellbHbiMH norHqecKHMH o6paTHbiMH CBJI3JIMH, KOTOpble 
o6ecneqaaaiOT BbiXO,IJ,HOB KO,IJ, 1-2-4-8 H 6biCTpO,IJ,eBCTBHe 
,!J,BOHqHoro cqeTqHKa. 0CHOBHOB ,IJ,BOHqHbiB TpHrrep no
CTpoeH Ha ,IJ,Byx D -Tparrepax THna "3a~enKa". ,D;nJI npu
Be,IJ,eHHoii CXeMbl ,IJ,eKa,IJ,bl 6biCTpO,IJ,eBCTBHe ,IJ,OCTHraeT 
-180 MF14, a ,IJ,nJI aHanorHqHoii ,IJ,eKa,IJ,bl Ha 3neMeHTax 
cepHH KSOO IK100;/51~ 200 MF14. 

,D;aoaqHble TpHrrepbl HMeiOT napa~a3Hble BXO,IJ,bl H Bbl· 
XO,IJ,bl. CqeTHbiB BXO,IJ, ,IJ,eKa,IJ,bl o6pa30BaH C nOMO~biO 3ne
MeHTa HJIH-HJIH-HE, HMeiO~ero napa~3Hblii BbiXO,IJ, 
IM12.AI. BTopoii BXO,IJ, 3TOrO 3lleMeHTa HCnOllb3yeTCJI 

,IJ,nJI ceneKTHpoaaHHJI H3MepJieMoro cHrHana qepe3 3ne
MeHT M19.r HMnynbCOM OT 6noKa ynpaaneHHJI, HMeiO~M 
aMnnHTY,IJ,Y- 2B H ,IJ,nHTenLHOCTb Tc. IIepe,11, cqeTHbiM 
axo,IJ,oM ,IJ,eKa,IJ,bl nocTaaneH 3neMeHT M12.r a KaqecTBe 
ycHnHTenJI, pa6oqaJI ToqKa KoToporo Bb16paHa B cepe,IJ,HHe 
,IJ,HHaMHqecKoro ,IJ,Hana30Ha, H BBe,IJ,eHbl eMKOCTHble CBJI3H. 
Bxo,IJ,Hoii cTaH,IJ,apTHblii curRan B BH,IJ,e MeaH,IJ,pa -1 B ,IJ,on
)l(eH HMeTb ~pOHT He 6onee 0,2 MKC. B cnyqae rapMOHH
qeCKHX BXO,IJ,HbiX carHanoa c f = 12 MF14 H BbiWe aMnnu
Ty,IJ,a ,IJ,Oll)I(Ha npeablwaTb 0,05 B l3~eKTHBHoe 3HaqeHael. 

BbiXO,IJ,Hble CHrHallbl COCTOJIHHJI ,IJ,eKa,IJ,bl B BH,IJ,e KO,IJ,a 
1-2-4-8, a TaK)I(e BbiXO,IJ,Hoii curRan ,IJ,nJI 3anycKa nocne
,IJ,YIO~eii ,IJ,eKa,IJ,bl npOXO,IJ,JIT qepe3 COOTBeTCTBYIO~He npe
o6pa30BaTenH YPOBHJI 3CJI-TTJI IM14 +M18 1. YcTaHOBKa 
,IJ,eKa,IJ,bl B ucxo,IJ,Hoe cocTOJIHHe I c6pocl ocy~ecTBnJieTcJI 
carHanoM oT 6noKa ynpaaneHHJI qepe3 npeo6pa3oBaTenL 
YPOBHJI TTJI-3CJI IM13I. 

II o c n e ,11, y 10 ~ H ii. c q e T q H K I puc. 31 BblnonaeH Ha 
nepecqeTHbiX ,IJ,eKa,IJ,aX THna K155HE2 I,IJ;33+,IJ;39I, KOTOpble 
HMeiOT BbiXO,IJ, B KO,IJ,e 1 • 2-4- 8, a BXO,!J,bl KOTOpbiX 06'be,IJ,H • 
HeHbl H nepe,11, HaqanoM cqeTa B036y)I(,IJ,aiOTCJI HMnynLCOM 
"c6poc" oT 6noKa ynpaaneHHJI. Mo,IJ,ynb ,D;39, cne,IJ,yiO~ii 
3a B. q. ,IJ,eKa,IJ,OB, Bb16paH 6onee 6biCTpO,IJ,eBCTByiO~M 

IK115HE2AI c fMaKc 6onee 30 MF14 . 
BbiXO,IJ,HaJI HH~opMaUHJI c ,IJ,eKa,IJ,Horo cqeTqaKa no,IJ,aeT

CJI Ha D - BXO,IJ,bl peracTpa naMJITH Ha D- TpHrrepax ,D;17 + 
+,I1;32 I1TK552I. Ilo cTpo6-carHany Ha axo,IJ,ax C pelynLTaT 
~HKCHpyeTCJI B perHCTpe naMJITH H qepe3 ,IJ,eWH~paTOpbl 
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)1.9+)1,16 IK514H,D,2I nocTynaeT Ha 7-cerMeHTHble cseTo
.IUIO,IUible HH,nHKaTopbl )1,1 + )1,8 I AJI305I ,nmi BHJyanLHoii 
peracTpaJUIH. Ha o,nHH H3 n.s:TH HH,nHKaTopos cTapwax 
pa3p.s:,nos B JaBHCHMOCTH OT acnonLJyeMoro 3HaqeHH.S: Tc 
.nononHHTenLHO no.naeTc.s: carHan l3n1+3n51 ,nn.s: oTcqeTa 
pe3yllLTaTa H3MepeHH.S: B e,nHHHUaX MarHHTHOrO llOll.R: HllH 
qacTOTbl. 

KpoMe Toro, c Q-Bblxo.nos Tparrepos peracTpa na
M.S:TH qepe3 cornacyJOIUHe :meMeHTbl HJIH Mo,nyneii 
)1,40+)1,45 pe3yllLTaT H3MepeHH.S: BbiBO,nHTC.S: Ha pa3'LeM 
P2 ,nn.s: nepe,naqa ero B 6nox CB.S:3H, a JaTeM Ha R -wHHbl 
MaracTpana KAMAK. 

IiJIOK CBJI3H C CHCTEMOH KAMAK 

BnoK CB.S:3H /puc. 5/ ~OpMHpyeT no KOMaH,ne OT KOHT
ponnepa carHan NA(l) F(O), KOTOpLiii, nocTyna.s: Ha sxo.n 
cxeMbl Janycxa, HHHUHHpyeT npose,neHHe H3MepeHHJI qacTo
ToMepoM B ,naHHbiH MOMeHT. Ilocne 3aBepWeHHJI H3MepeHHJI 
Ha :meMeHT HJIH /)1.1.1/ OT 6noxa ynpasneHHJI nocTynaeT 
carHan roTOBHOCTH nepe,naqH peJynLTaTa cqeTa H3 qacTo
TOMepa Ha R -wHHLI MaracTpana KAMAK. 3ToT cHrHan c 
BbiXO,na )1,1.1 no,naeTC.S: Ha C- BXO,n TpHrrepa )1,21, KOTOpLIH 
~opMHpyeT KOMaH,ny L. Ilocne :noro B 6noxe CBJI3H .ne
IIIH~pyeTc.s: KOMaH,na KOHTponnepa NA<O) F(O) ,nnJI BLI,naqH 
HH~OpMaUHH Ha WHHLI qTeHH.R:. COOTBeTCTBYIOIUHH CHrHan 
cne,nyeT Ha sxo,nLI 24 3neMeHTOB H I )1,2-:- )1,7 I, Ha BTOpLie 
BXO,nbl KOTOpLIX no,naH pe3ynLTaT H3MepeHHJI B ,nBOHqHO· 
,neC.S:THqHOM KO,ne. BLIXO,nHOH CHrHan C MO,nyneii )1,2 +)1,7 
nocTynaeT B MaracTpanL KAMAK. 

B ,naHHOM sapaaHTe 6noxa CBJI3H Ha R -waHLI no.na
IDTC.s: ,naHHLie TOllLKO C 6 CTapWHX pa3p.S:,nOB pe3ynLTaTa 
H3MepeHa.s:, qTo6LI He ycno~.s:TL npouecc nepe,naqa IHe
o6xo,naMa.s: ToqHoCTL H3MepeHH.S: npa 3TOM o6ecneqasaeT
cJII. Ilpa 3TOM pa6oTa npoacxo,nHT npa Tc= 0,234874 c 
C BbiXO,nHLIMH ,naHHbiMH B e,nHHHUaX llOllJI. 

Bnox CBJI3H peanaJyeT see Heo6xo,nHMble carHanbl 
I Q , X , Z , 82 I cTaH,napTa KAMAK. Ilo KOMaH,ne 
82 TpHrrep )1.21 nepexnroqaeTC.S: B HCXO,nHOe COCTOJIHHe, H 
IUIKn nepe,naqa ,naHHbiX JasepwaeTcJI. 
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Puc. 5. CxeMa 6AoKa ce.R3U t~ac1!lo111oMepa c cuc1!leMoil 
KAMAK. 

~nB HH~HKaUHH o6pa~eHHB (N) KOHTponnepa K 6noKy 
CBB3H Ha nepe~Hei naHena nocne~Hero ycTaHoaneHanaM
na Jll, B036y)K~aeMaB qepe3 ~13.4. 

linox CBB3H BblnonHeH B KOHCTPYKTHBe KAMAK c wa
PHHoi 1M /puc. 6/. OH ycTaHaBnaaaeTCB B cTaH~apTHblii 
xpeiT, a c noMO~LIO 5-MeTpoaoro xa6ens no~coe~HHBeTcB 
x pa3'LeMy Ha 3a~Heii naHena qacToToMepa. 

14 

Puc. 6. BHewHuil euo t~ac•o•oMepa c 6AOKOM C6.113U. 

BHeWHHH BH~ 'laCTOTOMepa H 6noxa CBB3H npe~CTaBneH 
Ha puc. 6. OpraHbl ynpaaneHHB qacTOTOMepa H axo~HLie 
pa3'LeMLI pacnono)KeHLI Ha nepe~Hei naHena, a Ha 3a~Hei -
pa3'LeM ~ns no~KnJO'IeHHB 6noxa CBB3H anpe~oxpaHHTenL. 
Pa3Mep 'laCTOTOMepa - 150x220x280 MM, XOTB OH MO)KeT 
6LITL C~enaH 6onee KOMnaKTHLIM. 

3AKJIIO qEHHE 

To'IHOCTL H3MepeHHB qacToT ~o -180+200 MFt~, o6ec
neqaaaeMaB npa6opoM, He xy)Ke -lo-5 a ~aana3oHe xoM
HaTHLIX TeMnepaTyp. Bae~eHae npa Heo6xo~HMOCTH TepMo
cTa6anH3aUHH H a6conJOTHoi xoppeKUHH 'laCTOTLI onopHoro 
reHepaTopa e~e 3aMeTHO CHH3HT 06~y10 norpeWHOCTL 
H3MepeHHB 'laCTOTLI ana MarHHTHoro nons. KpoMe Toro, 
B03MO)KHO npoae~eHHe 2-:nanHoi nepe~a'IH aceii HHiilop
MaUHH OT qacToToMepa B MaracTpanL KAMAK, 'ITO no-
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3BOllHT HCllOllb30BaTb B llOllHOH Mepe pe3yllbTaT~ H3Mepe· 

HHJI. 

llpe.IJ;CTaBneHH~H B~We 'laCTOTOMep, o6na,IJ;aJI B~COKHMH 

MeTpOnOrH'IeCKHMH napaMeTpaMH, JIBllJieTCJI Ha,IJ;e)l(}f~M H 

y.IJ;o6H~M B 3KcnnyaTauuu npu6opoM. 
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