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llpe.wmraeMrui HIDKe cxeMa asToMaTHqecKoii pery;mposKH MO,JJ,y;mpyromero 
MarHHTHOro non51 pa3pa6aTbJBanaCh )J,J]51 MarHHTOMeTpOB, nO,JJ,06HhiX OnHCaHHhiM B 
[1_:3]:' 3To'MarnHToMeTphi c HcnonhJosaHHeM MepHoro MarnHTHoro peJoHruica 
- 5IMP,. B KOTOpbiX nepHO,!I,HqHOCTh npoxo~eHH51 peJOHaHCa ocymeCTBn51eTC51 
Mo,JJ,ynS~uHeii HJMepg~Moro (peJo_HaHcHoro) MarnHTHoro nonS~ B0• B Iiux Mo,JJ,ynH
pyiDmee none_:_ CHHYCOH,JJ,anhHOe CHOCTOSIHHOH qaCTOTOH H aMnnHry,JJ,oii, 

r:~ 

. ,· B >MJ , . 
• M · C · 

. (1) 

r,JJ,e !ill -~ IllHpHHa CHrHan~ nornomenil51 5IMP. c . ' . . . . . ; 
OcHOBHoe HaJHaqeHHe cxeMhi - coJ,JJ,aTh 6naronpH51THhie ycnosirn ,JJ,n51 Ha,JJ,e:lK

Horo noHcKa peJoHaHca H ToqHoii HacTpoiiKH Ha Hero nyTeM ycTaHosneHirn onni
MllnhHOii cHnhi HepaseHcTsa {1) 6eJ sMemaTenLCTsa · onepaTopa, pa6oTaiDmero :c 

MarHHTOMeTpOM. . .. 
,[(o paccMoTpeiiH51 cxeMhi noneJHO noKaJaTh, KaKOii ,JJ,HanaJoH 'perynHposaHirn 

B HY:lKeH, OT qero OH JaBHCIIT. qT06hi 3TO' C,JJ,enaTi.; Ha,JJ,O npe)K)J,e seem' JHaTh, 
M . .- ;· . .. . •.. , .. '. . ·;· •' . . . .: • 

KaKHe MOryT 6hiTh 'senHqHHhi LlB ; Boo6me mHpHHa: cHrnana 5IMP 3aBHCHT OT . . c . . . ." 

HeCKOnhKHX clJaKTOpOB .(4]; HO ,JJ,anhille 6y,JJ,eM yqHThiBaTb TOnhKO ee JaBHCHMOCTh 
OT HeO,JJ,HOpO,!I,HO~H B

0
, .nonara51, ,qTO B O,!I,HOpO,!I,HOM non.e H. C HCilOJ,Ib30BaHHeM 

o,JJ,Horo pa6oqero semecTsa ,JJ,n51 5I¥P MJ c - senHqHHa He6onh~rui n .IIocTOSIHHrui. 

TaK, .u)y51 pe3HHbl - semecTBa C He CaMhiM yJKHM CHrHariOM 5IMP. 51,!1,ep' BO,!I,Opo,JJ,a 

- LlB ""0,5·10-4 Tn. Ecn~ npeHe6pe% 3TOii senHqHHOii, TO s HeO,JJ,HOpO,!I,HOM c ' . . . . . . '. ,. 

none cornacHo [4] 

1 • MJ c =: 2MJ0, (2) 

r,JJ,e Mo :___ OTKn(meHHe OTCpenHero 3Haqe.Hirn Bo B pa6oqeM o6'heMe seiuecTBa 

(s o6paJue). ·. . ... ' .. • .· . 

· llpH OTHOCHTeJihHOii Heo,JJ,Hopo,JJ,HOCTH B0 · · ··" 

1 dB .· 
o=-· .-o 

·B
0 

,dx 
(3) 

B,JJ,Onh HeKoToporo HanpasneHH51 x H dB0/ dx= const s nP,e,JJ,en:axo6paJua c ,JJ,ocTa-
; . - ' - . 
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ABo=BlJ2, (4) 

me d - ~uaMeTP o6paJua. 06wmo ucnoJib3YIOTCH UHJIHH~puqecKue Kpymoro 
ceqenHH o6paJUbi c pa6oqeii )l)IHHoii, paanoii d. . 

C yqeTOM (2) li (4) HepaBeHCTBO (1) MO:lKHO 3aHHCaTb TaK: 

BM>B0od. (5) 

qT06bi HallTli npaayiO qaCTb :nora HepaBeHCTBa, Ha.D:O npli Onpe~em!HHm.i d 
3HaTb, KaKHe n(mg 6~YT H3MepHTbCH: ux ~~;~anaJoH Ii neo~nopo~nocn:. Bbi6HpaH 
cHJiy nepaaeHCTBa,·· na,o:o HMeTb B Bimy, q.fo-~T B 3aBHCHT TaKue Ba:lKHbie napaMeT-

. . M 

phi liCHOJib3YeMOIU :meK'fPliqecKoro CHrHaJia 51MP, KaK ero aMHJIHry~a li )l)IHTeJib

HOCTb M - TO:lKe IIIlipHHa ClirHaJia, HO B e~HHliUax BpeMeHli. Ha Bbi6op HepaBeH-c . 

CTBa BJiliHeT li npuMeHHeMbiH CHOC06 HaCTpOHKli Ha pe30HaHC. Ilo3TOMy, ytlliTb!BaH . 

BCe li HCXO~H li3 OllbiTa pa60Tbl C MarHliTOMeTpaMli, MO:lKHO peKOMeH~OBaTb CJie~y
IOW:ee COOTHOIIIeHHe, KaK 6Jili3KOe K . OllTliMaJibHOMY npu Toqnoif. HaCTpoifKe Ha 

pe3onanc: 

BM=4B0od, (6) 

T.e. OTHOIIIenue N = B I AB = 4. 
M C 

HecMO'fPH na To, qTo cooTnoiue~ne (6) · na,o:o paccMaTpuaaTb KaK 
npu6JiliJHTeJibHOe, ero MOXHO liCHOJib30BaTb )l)IH Taro; , q.fo6bi naifTII He06-

XO~HMblll ~uanaJOH perynupoBaHliH B ' CBH3aHHblll c 3aBliCliMOCTbiO llB OT 0 nrm 
. M C 

pa3HhiX 'B0. · 

· TaK, · B qacTHOM cnyqae, Kama MaKCHMaJibHaH (AonycTHMaH) )mg MarmnoMeT

pa Iieo~nopo~nocTb o = 0,5 M-l (nnu a o6Liqno''np'unHTOM au~e- 0,5%; CM-1), 

B COOTBeTCTBlili C (6) 

BM = 2B0K{ 1 + K2 ~0 J · 10-
3
. (7) 

B 3TOM Bbipa:lKenuu ucnoJib30Bana H3 [1] 3MnnpuqecKaH clJopMyna, onucbiBaiOW:aH 
3KcnepuMeHTaJihHO nonyqenny10 3aBliCHMOCTb onTHMaJibHoii. aenuqunbi d oT B

0 ' . o.. ' • • • . . ' - - • ' ;' ~, 

npu YKa3annoii neo~nopo~nocTu. K1 = 1,7, K
2 
= 0,1 - K03clJclJnuueHThi B clJop~y-

ne. 0TciO~a. nanpuMep, )l)IH B0 = 2,5 Tn BM"' 90·10-4 Tn. Ecnu B o~nopo~HOM 

none, KaK 6Lmo CKa3ano, AB = 0,5·10-4, To B ~annoM CJiyqae neo6xo~HMbiii ~Ha-c 

naJoH perynupoaanuH B - (2 + 90)·10-4. Tn. 
M 

CxeMa aa'roMaTuqecKoro perynupoaanHH B noKaJana. na pncynKe. B neil 
• M 

o603naqenhi: M1 + M3 - onepaunoHHbie ycHJIHTeJili KP140Y~608; M4 -,.,.. ana-
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PHC. 

noroBhiii nepeMHO:lKHTeJib. cnrnanoa 525TIC2A; M5 - MOW:Hhiii onepaunoHHhiii 

ycunnTeJib K157YJll. Jluo~bi - K)l503A. 
B 'ocnoae cnoco6a perynnpoaaHHH B Jie:lKHT nonyqenue ynpaBJIHIOW:ero na

M 

npH:lKeHHH U, nponopuuoHaJihHoro !:J. tc, a Toqnee ..::._ .ll)lliTeJibHOCTH o~noro H3 

clJpOHTOB HMnyJihCHOrD CHrHaJia 5JMP. 3TO ~eJiaeTCH BO BTOpOM li TpeTbeM KaCKa-
···1 

~ax cxeMhl. 
IlepBhiii KacKa,o: cxeMhi - clJopMHpoaaTeJib. Ha ero axo~ nocTynaeT HMnynhc

nrui HOCJie~OBaTeJihHOCTb llOJIO:lKHT~bHblX 3neKTpuqeCKliX CHrHaJIOB 5JMP •. qT06hi 

aMllJIHry~a 3TliX CHrHaJIOB He BJiliHJia. Ha )l)IHTeJibHOCTb .HCllOJib3yeMhlX H ~aJibHeif::

IIIeM uMnynLcoa, cilrnanhi ~on:lKlibi nMeTb nocToHimyiO ru.fnnnTy~y. T.e·. 'ilpoiim 

ycliJIHTeJib C. aBTOMaTuqeCKOll perymipOBKOll ycHJieHliH. , · , .. 

. <l>opMHpOBaTeJl!> HYTeM orpanuqeHHH aMHJiliTYAhl BXO~Hb!X liMHYJibCOB CHH3Yli 

caepxy nponycKaeT na caoii HhiXO~ cpe~HIOIO qacTb aMriJIHTY~hi, ycHJIHBaH ee .. Ta

KliM o6pajoM ~CKJIIOqaiOTCH ~3 ~eifCTBliH KpaifHHe (nepeXO~Hbie) '<mcTli clJp~HTC?B 
curnana. Hu)l(miii nopor npm]ycKaHml · na ypoane neMnoro 6onLmeM MaKcnManb

noii aMHJiliTY~hi IIIYMOB ycTanaBJIHBaeTcH nanpHienueM U1 •• MaKCHMMbHaH Bhi-

xo~HaH aMHJiliT~a orpannqnaaeTCH nnTanueM onepauuonnoro ycnJIHTeJIH.· 
B cne~IOW:eM. icacKa,o:e, qT~6hi HMeTb o~nonoJIHpHbie HMHYJibChi c · aMnJIHTY

~oii, 3aBHCHW:eii (n !:J. t , axo~HaH nocne~oaaTeJibHOCTb HMnyJihCOB ~nqictJepenuu-
. "" c ' ; . . . . :' . 

pyeTcH. Ilpu 3TOM na BhiXo~e ~uclJclJepenunaTopa clJopMupyiOTCH HMnynLChi TOJihKO 

OT nepe~nux clJpoHTOB cnrnanoa, npoiiie~IIIliX ctJopMnpoaaTeJib. MMnynhChl ~~.3M
nux clJpoHTOB llO~aBJIHIOTCH ~liO~OM B Qellli o6paTHOll CBH3H OnepaQHOHHOfO ycu

JlliTeJIH .3TOfO KaCKa.D:a. ' 
IloCJie ~uclJclJepenunaTopa B TpeTbeM KaCKa,o:e liMHYJibCbi npeo6paJYIOTCH a no

CTOHHHoe nanpH:lKenue.:B pe3yJibTaTe na Bhixo~e KacKa,o:a nanpllxenue U ilpe~
CTaBJIHeT co6oif yCHJieHHYIO pa3HOCTb ~Byx O'fPHUaTeJibHblX Hanpll:lKeHHll ___: U2 li 

OT. liMHYJibCHOro CUrHaJia. 
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Hanpjj)l(eHite U c noMOuthiO .nsyx nocne.nunx KacKa.nos perynnpyeT B . Kac-
M 

KM na 6aJe ananorosoro nepeMHO)I(HTenj! nanpjl)l(eHm!M · U ua o.nnoM HJ ero sxo

.uos perynnpyeT K03rprpnuneHT nepe,na"'n cnuycon,nanbuoro uanpjj)l(ennj! uM, no.ua-

saeMoro na .npyroit sxo.n. nocne.nnnit KacKa,n cxeMhi - 3TO npocTo ycnnnTenh 

MomnocTH, KOTOpbiH nnTaeT KarywKH, Mo,nynnpyiDmne none B0. Ba)I(HO cKaJaTb, 

"'TO npH ranbBa!IH"'eCKOH CBSI3U ero C KaTywKaMH B BbiXO)lHOM Hanp.ll)l(eHHU 3TOfO 

KaCKa)la He )lOn)I(HO .6biTb nOCTOjjHHOH COCTaBnSIIOll{eH. 6onbWe ,nonyCTUMOH Be

nU"'HHbl. Ehmo ycTanosneno, "'TO uecKonbKO .. e,nJinnu.Mn.rinmio.ili.T 'riocTOj!HHoro 

nanpjj)l(eHHj! na KarywKax MOryT snecTn· norpewnoCTb B nJMepenne B0 .uo 10-4, 

"'TO ,llnjj npeUH3HOHHbiX MarHUTOMeTpOB He,nonycTHMO. 
Koma cnrnanos 51MP neT, nanpj!)l(enne U JasncnT TOnhKO OT U2. Ono MaK-

cnManhnoe, no3TOMY MaKCHManhHhiMH 6y.nYT Ko3rprpnuneHT nepe,na"'n nanpj!)l(e

HUj! u , aMnnnTy.na B , a TaK)I(e o6nacTb na6niO,nennj! 51MP, TaK KaK ona pac-
M M 

wnpj!eTCj! c ysenn"'enneM BM. lllnpoK~ o6nacTb na6niO.uennj! noneJna npn no-

ncKe peJonanca, oco6enno ecnn noncK aBTOMaTH"'eCKHH .. 
C nOj!BneuneM 51MP B U nOj!BnjjeTCjj COCTaBnjjiOll{~ OT HMnynhCHOro cnrnana, 

Kol'op~ B JaBHCHMOCTH OT At YMeHbwaeT. U, a JHa"'nT, n B . B nTore ycTa-
, C M 

nilBnnsaeTCjj neK:oTopoe CTa6nnhnoe oTnowenne N, TaK Kaic A t ·, B cso10 o"'epe,nb, . c 

JasncnT ·oT B . 3Ta Ja~HCHMOCTh ~ o6paTHo nponopunonanhHM. 
M , . ' 

B ,nanhneitweM, ecnn, cKa)l(eM, ysenn"'aTCj! B0 .nnn o, TO TaK)I(e ysenn"'aTCj! 

A B c' A t c' · .un.nTenbHOCTb ncnonhJyeMoro rpponTa cnrnana. OT · 3Toro aMnmny.na 

HMnynbcos mi Bhixo.ne .unrprpepenunaTopa yMeHbWUTCH, a U n B ysenn"'aTCjj, 
' , . .. M 

cTpeMHCh coxpanHTh N, KOTopoe 6hirio .uo nJMenennit B0, o. C yMenhwenneM B0 

HnU 0 .UeHCTBUjj B CXeMe 6y.UYT npOTUBOnonO)I(HbiMH, HO TO)I(e COXpaHSIIOll{UMU 

npe)l(nee N. Kopo"'e rosopjj, see 3TH ,neHCTBUj! no.uo6Hbi TeM, KOTOpbie nponcxo

.llSIT B U3BeCTHbiX CXeMaX, HanpnMep, aBTOMaTH"'eCKOH peryniipOBKH .YCHneHUj!, 

TonhKO J,uech cTa6nnnJnpy~TCj! ne aMnnnry.na, a npmij!Toe N. Ecnii no KaKIIM

nn6o npH"'UHaM cnrnanbi 51MP. HC"'e3HYT, TO cxeMa BHOBb ycTa~OBHT MaKCIIManb

HYIO aMnnnTy,ny B n COJ.UaCT 6naronpnj!THbie ycnoBUj! .unj! noiicKa 3TIIX cnrnanos. 
M . 

11CnbiTaHUjj CXeMbl nOKa3MH, "'TO OHa XOpOWO pa6oTaeT, nnaBHO U3MeHjjH 

BM npn6Jm3HTenbHO B 30 pa3. 11 XOTj! 3TOT .nnanaJon pery.imposaHHj! ne Manenb-

KHH, OH He BCer,na 6y,neT )lOCTaTO"'HbiM B onTIIMMbHOH Mepe. 

B o6nacTn ue6onhwnx B
0 

.uo sepxnero npe.uena,_ KOTOpbiH c Y'JeTOM o MO)I(HO 

onpe.neniiTb no .uannLIM panhwe Bbipa)l(eHHj!, TaKOH ,uiianaJOH peryniiposaHHj! BM 

.nocTaTotinhiH. B 3TOH o6nacTn )l(enaTenbHO ne npeBbiWaTb Tpe6yeMbiH MaKCH- ' 
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M.anhHhiH yposenb BM, "'T06bi orpanu"'eHH~ l{aCTOTH~ nonoca nponycKaHIIj! cxeM 

MarHHTOMeTpa, "1epe3 KOTOpbie npOXO)lHT CHrHan 51MP, He YMeHbWana aMnniiry,ny. 

yJKoro cnrnana npii 6onbniux B . 3To KaK pa3 aKryanhHO B HIIJKIIX nonj!x, r.ue 
M ·• . ·. 

cnrnan 51MP npHHUIIniianbHO MeHbWe, lJeM B 6onbWHX. 0TciO,ua cne.uyeT BbiBO.ll 0 

TOM, "'TO none3HO HMeTb ·~me KaKOe-TO CTyneH"'aToe. H3MeHeHIIe MaKCHMan.bHOi;j 

aMnnury,nhi BM. 3To MO)I(HO c.nenaTh,. npiiMeHj!j! .unj! pa3HbiX B0 pa3H~IeMo,nynn-

pyiOmue KarywKII u HH"'ero He· MeHjjj! B cxeMe. Kai)wKu B 3TOM . cnYlJae iia.no 

pacnonaraTb B COOTBeTCTBYIOutiiX B0 CMeHHbiX ronOBKaX ,uaT"'HKa MarHHTOMeTPa, . 

C nOMOll{biO KOTOpbiX 06hi"'HO WIIpOKHH ,UHanaJOH H3MepjjeMbiX noneH ,UenSIT Ha 

no,u.nuanaJOHbi. KaTywKu .uon)I(Hbi cOJ,nasaTb B HJ pac•IeTa Ha MaKCHManhnoe no-M .. 

ne B no.u.nnanaJone II .nonycniMyro .unj! MarniiTOMeTpa Heo,nHopo.uuocTh o. TaKHM 

o6pa30M, B yKaJaHHOH o6nacTH Ja,na"'a, CBjjJaHH~ co crynen"'aTbiM HJMeneniieM 

BM, pewaeTCj! y,no6uo u B nonnoit Mepe. 

Anj! 6onhwux B0 u o peweHne 3a)la"'H 6y,neT .HenonHhiM, ecnii B KaKoM-TO II3 

no,u.niianaJOHOB O)lHOH ronOBKOH H3Mepj!Tb KaK O)lHOpO.UHbie, TaK II HeO,UHOpO.UHbie 

nonj!: He xsaTHT ,niianaJona nnasHoH perynupoBKH. O,nnaKo B o.unopo,nnhiX nonj!x 

C KaTyWKOH, paCC"'HTaHHOH .Ha HeO,nHOpO.llHbie nonS~, MO)I(HO .UOllYCTHTb He,uope

rynuposaHIIe B BHIIJ, T.e. OCTaBHTb B 6onbwe, a .A t MeHhwe onTnManbnoit 
M · M C 

BenH"'HHbl. ,lleHCTBIITenhHO, B nOJ,Ie, nanpiiMep, 2,5 Tn OTHOCIITenbHOH norpew-

HOCTII H3MepeHHjj llOnjj 10-S . COOTBeTCTByeT a6coniOTH~ norpeWHOCTb 

0,25·1 o-4 Tn, "'TO B o.nnopo.nnoM none paBHSieTCjj nonoBIIHe wnpHHbi curnana 

A Be= 0,5· 10-4 Tn: 06bi"'HO npnM:eHj!eMbie cnoco6bi HaCTpOHKII Ha pe30Hanc o6e

cne"'HBaiOT TO"'HOCTb HaCTpOHKII B HeCKOnbKO pa3 nYlJWe, lJeM nonWIIpliHbl CHrHa
na. 11MeHHO n03TOMY B TaKHX CJlY'J~X He. OlJeHh Ba)I(HO HMeTb OnTIIManbHOe N, 
nnii, IIHa"'e roBOpjj, 6onhwyro .umnenhHOCTh A t Ja C"'eT yMeHbWeHUj! B , · "'TO 

C M 

cnoco6cTByeT 6onee TO"'HOH nacTPOHKe. 
Bonpochi, CBjjJaHHbie c TO"'h:ocTbiO IIJMepeHHj! B0, BhiXO.llSIT 3a paMKH TeMhi 

,naHHOH CTaTbH II n03TOMY 3)leCb ,neTanbHO He paCCMaTpliBaiOTCH. 

B 3aKniO"'eHIIe YMeCTHO OTMeTIITb, "'TO MarHHTOMeTp, npe,uCTaBneHHbiH B [3), 
.unj! KOToporo, B '"'aCTHOCTH, pa3pa6aTLIBanacL paccMOTpenn~ cxeMa, Tenepb Mo

)l(eT IIMeTb aBTOMaTH"'eCKHMH BCe OCHOBHble perynupOBKH II HaCTPOHKH, a HMeHHO: 

llOIICK pe30HaHCa H HaCTpOHKY Ha Hero, ycimeHIIe cnrnana 51MP, CTa6nnuJaUIIIO 

aMDnHTYJlbi BbiCOKO"'aCTOTHOro pe30HaHCHOro nonjj H perynupOBKY MO.Uynupyrome

ro nonj!. 
PaclJeT KaryweK, o KOTOpbiX roBopnnocL, ny6nuKyeTCjj B [5]. 
ABTop ncKpenne 6naro.uapuT Konnery B.B.KanunH"'eHKO, BHHMaTenbHO 

npo"'HTaswero PYKODHCh II c.uenaBwero noneJHLie JaMe"'aHHj!. 
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}laHHIDI pa6oTa SIBJUieTCSI 'laCTLIO npoeKra rocy~apCTBeHHOll HayqHo-TeXHH'Ie
CKOll npOipaMMLI «<I>YJI~aMeHTaJILHIDI MeTpOJIOilfSI». 
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