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B Mafl!HTOMeTpax C HCnOJib30BaHHCM .H/lCpHoro MarHHTHOro pe30HaHca [1,2] 

H3Mep.HeMoe none Bo onpe)leJI.HCTC.H H3 COOTHOlllCHH.H 

(1) 

r)le fo - pe30HaHCHa.H tJaCTOTa, KOTOpa.si H3Mep.sieTC.H nocne TOlJHOH HaCTpOHKH Ha 

pe30HaHc, a y - rnpoMarnHTHoe OTHOllleHHe .HJlep pa6otJero eemecrna. B Ma_r

HHTOMeTpax tJame BCero HCilOJlb3YCTC.H. pe30HaHC .H)lep 80/lOpOJla, T.e. npoTOHHbIH 

pe301IaHC. B 3TOM cnyqae [2] C )lOCTaTOlJHOH TOlJHOCTbIO 

2rt/y= 0,0234874 Tn/Mfu. (2) 

,!l.rrn H3MepeHH.H fo MO)KHO HCnOJib30BaTb 06bilJHbIC ymrnepCaJibHbie tJaCTOTOMe

pbl C IlO,!lXO/l.HIUHMH xapaKTepHCTHKaMH, HO JIYtJlllC IIMCTb tJaCTOTOMep, cneuIIaJib

HO pa3pa6oTaHHbIH )lJI.H Mafl!HTOMCTpa. OH 6y.lleT npome II ,!lClllCBJie YffIIBepcanb

HOro. 8 HCM MO)KHO cpa3y npe.llyCMOTpeTh nepectJeT fo B Bo, T.e. C)leJiaTh ero 

noKa3aHII.H He B e)lHHHuax tJaCTOTbl, a B C,!lHHHUaX IlOJI.H, H, lJTO HCMaJIOBa)KHO, 

MHHHMII3HpoBaTh 3JieKTpHtJeCKIIe noMeXH, BHOCIIMhie HM B MarHIITOMeTp. HeKOTO

pbie YHHBepCaJibHbie tJaCTOTOMepbl, IlO)lKJIIOtJeHHbie K MarHHTOMeTPy, C03,!laIOT 

6oJihlllYIO H TPYllHOYCTpaHHMYIO noMexy. 

Tipe)lJiaraeMa.H 3/leCh cxeMa tJaCTOTOMepa (CM. pHCYffOK) pa3pa6aTbIBaJiaCh )lJI.H 

.H,!lepHbIX MarHHTOMeTpOB C BbIHY)K,!leHHOH npeueccHeH .H,!lep - MarHHTOMeTpOB, 

IlO,!l06HbIX OilHCaHHbIM B [3-5]. OCHOBOH cxeMbl .HBJI.HeTC.H nonyn.sipHa.H II He,!lopo

Tllil MHKpocxeMa M6 - MHorocpyHKUIIOHaJihHhIH ctJeTtJIIK ICM7226A. Tio,!lpo6Hoe 

onH_CaHHe 3TOro CtJeTlJIIKa II npIIMepbl ero npIIMeHeHII.H MO)KHO HaHTH B KaTanorax 

q>IIpM, ero BbmycKaIOmHx (HanpHMep, «Harris Semiconductor»). O.llIIH m npHMe

poe npHMeHeHII.H BOCnpOH3BO,!lHTC.H B [6]. 

TaK KaK M6 pa6orneT TOJihKO .llO 14 Mfu, TO B tJaCToTOMepe B Katiecrne 

npe)lBapHTeJibHOro )leJIHTeJI.H tJaCTOTbl fo HCil0Jlh3yeTC.H MHKpocxeMa MS - C'leT-

lJIIK 11 C90, KOTOpbIH npH BeJIHlJHHe BXO,!lHOro CHrHaJia 350 MB ( OT IlHKa )lO IlHKa) 

pa6oTaeT ,!lO 650 Mfu H MO)KeT )leJIIITb qacrnry Ha 10 IIJIH 11. C BbIXO,!la 3TOro 

,!leJIHTeJI.H CHfllaJI C 'laCTOTOH fo/11 (IICilOJlh3yeTC~ ,!leJieHIIe Ha 11) no,!laeTC.H Ha 

BXO.ll A (IN A). Heo6xO.llHMYJO ,!lJI.H MS aMnJIHTY.llY cttrnana o6ecne'IHBaeT TpaH-. 

3HCTOpHbIH ycHJIHTeJib (T), KOTOpbIH no 50-0MHOMY Ka6eJIIO npIIHHMaeT C MarHII

TOMeTpa CHHYCOH/laJihHhIH cIIrnan c qacToToH J0 II aMIIJIHTY.llOH B npe,!lenax 
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50+100 MB. TaKllil BX0nHrui lJaCTh cxeMhl n0JB0mIeT pa60TaTh npH6JJH3lffeJihHO no 

fo = 150 Mru HJJH, HHalJe roB0pJI, no Bo= 3,5 Tn npH np0T0HH0M peJOHaHce. 

OnopHal! (KBapueBal!) 'laCTOTaj' Heo6xonHMllil nnJ1 pa60Thl lJaCT0T0Mepa, co-
K 

JnaeTCJI nonKJJIOlJeHHeM K BhrnonaM OSC IN H OSC OUT KBapueBoro peJoHarnpa 

KP lMru c nonoJJHHTeJJhHhIMH ::ineMeHTaMH, noKaJaHHhIMH Ha pHcyHKe, a TaK)Ke 

cBJIJ~IO CTRL IN - R8, J],2-D2, K0Toprui HY)KHa npH JK = 1 Mru. KmmeHcarn-

poM C7 ocymecTBJJJ1eTcJ1 He6omrnrui noncTpottKa f. 
K 

B qacT0T0Mepe npHMeHeH npocTott cnoco6 nepeclJeTa / 0 B B
0

. CYTh ero Ja-

KJJI01JaeTcJ1 B HcnoJJhJ0BaHHH pe)KHMa HJMepeHHJI 0THorneHm1 qacToT JA I J
8

, me 

!A - lJaCT0Ta, nponopUH0HaJJhHaJI JO' fs - CTa6HJJhHllil lJaCTOTa, o6ecnelJHBaIOIUaJI 

BhmonHeHHe paBeucrna (1). B cxeMe JA =fol 11, a J8 = fj K, rne K - Ko::icp

cpttuHeHT neneHHJI nporpaMMHpyeMoro nenHTenJ1 M l-M3. J],enHTenh npHHHMaeT 

cnman c qacToTott JK c 6ycpepuoro KaCKa)la B M6 (DUFF OSC OUT), a cBott 

Bhlxonuott cnman nepenaeT qepeJ HHBeprnp B M4 ua Bxon B (IN B). B 3T0M 

cnyqae 

JAIJ8 =Kf011 lfK. (3) 

Pe)KttM HJMepeHHJI JA I J8 Ja)laeTCJI CBJIJhIO FUNC-R9-D2. 

lfa Bh1pa,1<eHHtt (1)-(3) M0)KHO uattTH BeJJH'IHHY K, K0Toprui 06ecne1JHBaeT 

paBeHcrno lJHcneHHhIX JHalJeHHtt B0 tt JA I J8 . 3TO 6yneT npH 

K = 1 If 
2

7t = 0,2583614. 
K y (4) 

OnHaKo ttMeTh ttMeHH0 TaKott K tteo6J1JaTenhHO. Mo)KHO JK nonenHTh Ha 2584, 

T?'lttoro coBna)leHHJI nocnenoBaTenhHOCTett umpp B lJHcmix B
0 

H JA I JA nocrn'lh 

noncTpOHKOH f, a Heo6xonHMOe MeCT0 JanJITOH (neUHMaJJhHOH TOlJKH) B HHnH-
K 

UHpyeMOM lJHCJJe ycTaHOBHTh BHelllHHMH CBJIJJIMH B M6. P_e)KHM ycTaH0BKH JanJI

TOH o6ecnelJHBaeT CBJIJh CTRL IN-RS, J],2-D3. 

TaK KaK 'lttcno 2584 B rnecTHa)lUaTHpH'IH0M npencTaBneHHH Al8, To TaKOH 

K03cpqmuHeHT neneHHJI peanmyeTCJI Bcero TpeMJI 1JeThipexpaJpJ1nHhlMH nB0HlJHhl

MH C'leTlJHKaMtt THna ·J1E7 c npenycTaHOBKOH Al8 coorneTCTBeHH0 B M3, M2, 

MI. J],nJI Ja)lep,KKH CHmana c6poca 3THX ClJeTlJHK0B B HCxonHoe C0CT0JIHHe HC

nonhJYIOTCJI nBa nocnenoBaTeJJhH0 BKJJIOlJeHHhIX HHBepTopa B M4. C onHoro HJ 

HHX cHrnan nocTynaeT eme Ha Bxon B, o 'leM J,Ke roBopHnoch. 

OcTaBrnHeCJI lJeThlpe HHBepTopa B M4 nonKJ1101JeHh1 B KalJeCTBe npoMe)KYT0lJ

HhIX KaCKa)l0B K BhIXonaM BCD, Ha K0T0phIX conep)KHTCJI UHq>pOBllil HHq>OpMaUH51 

2 

j 

06 IIIIJlHUHpyeMOM lJaCTOT0Mepm.1 lJIICJle (BeJJlllJlllle Bo). 3Ta lll!Cpopr.rnuHJI M0)KeT 

6hITh noneJHOH B JlaJJhHeiirneM ee HCn0JJhJ0BaHHH. 

B M6 Bh1xonh1 BCD II BUFF OSC OUT M0,KH0 Harpy,KaTh rnnhK0 Ha on11H 

Bxon MaJJ0M0UJHhIX MHKpocxeM c nHonar.rn WoTKII, no::iToMy M4 u MI non,KHhI 

6hITh cepHH THna K555. M2, M3 ,KeJJaTenhHO HcnonhJ0BaTh HJ cepmI nma Kl55. 

B TaK0M BapuaHTe cxeMa B UeJI0M pa6oTaeT Ha)le,KHee. 

UmppoBoe Ta6no qacT0T0Mepa C0CT0HT HJ ceMH CBeT0Jll!OnHhlX onHopaJpJ1n

HhlX umppOBhlX HHnHKarnpoB c JamnoiL 3TH HHJlHKaTOphl (M7-M 13) n0JlKJJIO

lJeHhl HenocpenCTBeHH0 K C00TBeTCTBYIOIUHM BhIB0naM M6. BoJMQ)KHOCTh non

KJJIO'leHllll BOChM0ro HHJlHKaTopa He HCn0JJhJyeTCJI: ceMH umpp JlJlJI OTo6pa)KeHHJI 

B
0 

n0CTaT0lJHO. 

OnHChIBaeMhlH 'laCT0TOMep paJpa6aThIBaJJCJI, B qaCTHOCTH, nnJ1 MarnHTOMeTpa, 

KOTOphIH npH ll3MepeHHll Bo M0)KeT pa6oTaTh B aBT0MaTHlJeCK0M pe,KHMe 6eJ Ka-

KHX-JJH6o PYlJHhlX HaCTp0eK H perynttp0B0K. TT03TOMY H B lJaCTOT0Mepe ero pe)Kll

Mhl BhI6paHhl TaKHMH, lJT06hI 6e3 nepeKJJIO'leHHH K0JllllJeCTB0M JHalJaIUHX uucpp B 

HHJlHUHpyeM0M lJHCJJe o6ecnelJHBaJJaCh nocTaT0lJHaJI T0lJH0CTh OT06pa,KeHml BO' 

HalJHHaJI nptt6JJH3HTeJJhHO C 0,05 Tn - o6hilJHOro nnll YKaJaHHhlX MarHHT0MeTp0B 

HH,KHero npenena HJMepeHHJI B0. 

B pe,KHMe HJMepeHHJI 0THOllleHHJI lJaCT0T KOJJHlJeCTB0 HHJlHUllpyeMhIX u11cpp 

JaBIICHT OT Ben111J11Hhl JA I J8 H JlJJHTenhHOCTII t c cTpo6-HMnynhca, cpopMHpyeMoro B 

M6 HJ c11rnana Ha Bxone B. J1J xapaKTepHCTIIK M6 cnenyeT, 'IT0 npH tc = 
= I 00 / J8 = I 00K I JK "' 0,26 c B BepxHeii qacT11 nuanaJoHa J0 Ha UHcppoBOM Ta6no 

6yneT 7 UHcpp. TaK, cKa,1<eM, np11 / 0 = I 00 Mru Ta6no noKa)KeT Ben111JHHY B0, 

paBHYIO 2,348740 Tn: J],ene1rne J
8 

Ha 100 BHYTPH M6 11 MecTo Janl!TOH ycrnHaB

n11BaIOTCJ1 CBJIJJIMII RANGE-RI3-D3 11 EXTdp IN-Rl4-D7 coorneTcrne,mo. 

BpeMJI, qepe3 K0T0poe HaCTynaeT CMeHa IIHn11u11pyeM0ro lJHCJJa np11 IIJMeHJIIOUJeH

CJI qacT0Te fo, npH6JJHJHTeJJhHO 0,5 C. <l>aKT0paMH, onpeneJJJIIOIUIIMII 3TO BpeMJI, 

JIBJJJIIOTCJI tc H n0CT0JIHHllil 0,2 C nay3a Me)l(Jly IIJMepeHHJIMII, JaJJ0)KeHHaJI BO BHYT

peHHIOIO nomKy pa6oThI M6. 

B npenh1nymeM TeKCTe HHlJero He roB0pllJJOCh O HeK0T0phIX naCCHBHhlX 3Jle

MeHTax, HMeIOIUHXCJI B cxeMe. Ho B 3T0M HeT 6onhWOH Heo6xonm,10CTH: 3T0 B 

0CH0BH0M pe,KHMHhie H cornacyIOIUHe peJHCT0phl, paJnen11TeJ1hHhle H 6nOKHpyIO

IUHe KOHneHcaT0phl, T.e. 3JleMeHThl C npocTeHlllllMH H OlJeB11nHhIMH cpyHKUHJIMII. 

Ha pucyttKe He Ja)leHCTBOBaHHhie B MHKpocxeMaX BhIB0nhl 0TMelJeHhl K0p0TKHMH 

JJHHHJIMH. 

nocne Toro, KaK lJaCT0T0Mep H Jl)lepHhIH MarHHT0MeTp 6hmH 061,enHHeHhl B 

onHH npH6op, noJIBHJJHCh mIrnnaeMhle TpynH0CTH C ycTpaHeHHeM noMex OT lJaCT0-

T0Mepa. TToMeXH 6hmH ycTpaHeHhl TIUaTenhH0 nponyMaHHhIM M0HTa,KQM OTneJih-
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Hh!X nnaT H nptt6opa B uenoM, sKpaHttpoBaHtteM cxeMhl tJacTOTOMepa. Oco6oe 

BHHMaHHe npH STOM y,!lemmoch coe,!lHHeHH»M JeMn»HhlX (HyneBhlX) nHHHH 

HCTOlJHHKOB nHTaHH». 

CneuttanbHhle Meph!, MHHHMH3Hpyromtte TeMnepaTypuyJO HeCTa6HnhHOCTb no

Ka3aHHH tJaCTOTOMepa, He npHMeH»nHCh. O,!lHaKO, KaK noKaJanH HCilhlTaHH», He-

CTa6HnhHOCTh 0Ka3anacb nptteMneMOH - 6-10-7 
/ 1 °C B o6nacTH o6hllJHblX na6o

paTOpHblX TeMnepaTyp. 

HecMoTp» Ha TO, lJTO tJaCTOTOMep pa3pa6aTb!BanC» ,!ln51 51,!lepHblX MarHHTOMeT

poB, OH npttro,!leH H ,!ln» H3MepttTeneii Ha OCHOBe sneKTpOHHOfO napaMarHHTHOfO 

peJoHaHca -3TIP. J].n» 3TIP-MarnttTOMeTpOB HaAO TOnhKO HJMeHHTh K H cooTBeT

cTByromttMH CB51351MH B M6 YCTaHOBHTb nO,!lXO}l51ll(ee KOntttJeCTBO 3HatJall(HX umpp 

H MeCTO Jan»TOH. EhlnO ycTaHOBneHO, lJTO MO)KHO nO,!l06paTh TaKoe 3HatJeHtte STO

ro K, KOTOpoe o6ecnetJttBaeT ,!lOCTaTO'IHYJO TOlJHOCTb H3Mepemrn 3TIP-MeTO,!lOM, 

He HapymM HaCTpOiiKy f", C,!lenaHHYJO ,!ln» »,!lepuoro MarHHTOMeTpa. TaKHM o6pa-

30M, onttcaHHhIH tJaCTOToMep, ,!lononHeHHhIH nepeKnJOtJaTeneM, B npe,!lenax csoero 

tJaCTOTHOro ,!lttanaJOHa MO)KeT pa6oTaTb KaK c 51MP-, TaK tt c 3TIP-MarHHTOMeT

paMH. 

B JaKnJOlJeHHe aBTOp HCKpeHHe 6naro,!lapttT B.B.KanHHHlJeHKO, npOtJHTaBme

ro pyKOilHCh H C,!lenasmero none3Hhle 3aMetJaHH51, a TaK)Ke A.C.foB»,!lHHKHHa, 

J]..B.BttHOrpa,!lOBY, H.H.)KyKOBa, r.r.KaJaKOBY, K.B.Kan»nKHHa, r.n.JiemeHKO H 

H.B.Cepreesy Ja yqacme B pa3pa60TKe H HJroToBneHHH nptt6opa, ocpopMneHHH 

TeXHHlJeCKOH ,!lOKYMeHTaUHH K HeMy. 

BhlnonHeHHM pa6orn »Bn»eTc» tJaCThJO npoeKTa focy,!lapcrneHHoii uayqHo

TexHtttJeCKoii nporpaMMhl «<l>yH,!laMeHTanhHa» MeTponom»». 
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