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1. UocTaHOBKa 3ana4H 
Up11 113Mepemrn MaI'Hl1THor-o MOMeHTa 06pa3ua Ha CKB111A-

MaI'Hl1TOMeTpe [1,21 HCTOtlHHKOM CHI'HaJia MOJKeT .5lBJI.51TbC.5l He TOJibKO 

MOMeitT:b6pa3ua, HO Ii ,11;pyr-He "napa3HTHble" MOMeHTbl - K npHMepy, 

,11;epJKaTeJib 06pa3ua HJIH ~eppoMaI'HHTHa.51 nblJib. UpH 3TOM B03HHKaeT 

3a,11;at1a pacwm))poBKH cHr-Hana MaI'HHToMeTpa c uenbKJ . onpe,11;eneHHR 

,11;ettcTBHTeJibHor-o'MoMeHTa 06pa3ua. PaccMoTpHM 3a,11;at1y 6onee no,11;

po6Ho. 

UpHeMHa.51 qacTb CBepxnpOBO,ll;.5ll!lero TpaHC~OpMaTopa Mal"HHTHOI'O 

noToKa. C_CTMUl CKBl/lA~MarHHTOMerpa npe,11;cTaBm.teT co6ott ,D;Be KaTyw

KH Ha paCCT0.5lHHH 15 MM ,11;pyr- OT ,11;pyr-a, BKJIKJ'qeHHble no cxeMe r-pa

,D;HeHTOMeTpa ( pHc. 1 a). Upouecc H3MepeHH.5l MOMeHT8. o6pa3Ua .3aKJIKJ.:. 

qaeTc.51 B nepeMel!leHHH 06pa3ua t1epe3 o6e KaTywKH CTMU. UpH 3TOM 

nonyqaeM xapaKTepHbltt_ CHI'HaJI MaI'H_HTOMeTpa B 3aBHCHMOCTH . OT KO

op,D;HHaTbl 06pa3ua Z ( pHC. 16). EcJIH_ o6pa3eU .5lBJI.5leTC.5l TOtletIHblM 

,ll;HnOJieM, TO aMnJIHTy,D;a CHrHaJia (pHc.16) nponopum:ma~bHa MarHH;

HOMY MOMeHTY 06pa3ua [ 31. 0,D;HaKO qacTO B peaJibHblX H3MepeHH.5lX, 

oco6eHHO npH HCCJie,D;OBaHHH o6pa3UOB·c MaJiblM MaI'HHTHblM MOMeHTOM, 

nonyqaeMbltt CHI'HaJI . MarHHTOMeTpa HaMHOI'O CJIOJKHee C pHC. 2a). OH 

' .5lBJI.5leTC.5l cynepn03HUHett CHI'HaJIOB ,,OT HeCKOJibKHX .. MOMeHTOB. Pac-
'. 

npe,D;eJieHHe 3THX MOMeHTOB no KOOp,D;HHaTe Z MOJKHO no_JIYtIHTb, ecJIH 

3HaTb CHI'HaJI MaI'HHTOMeTpa OT TOtletJHOI'O H.CTOtlHHKa Ma_I'HHTHOI'O 

MOMeHTa e,D;HHHtlHOtt aMnJIHTY,D;bl (TotietIHOI'O MaI'HHTHOI'O ,ll;HnOJI.51). 
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P1,1c.2. Ilp:irnep peanbHoro c:ii:rHana, nony,rnMoro np11 

H3MepeHHH Ha C~Bl/1A-MarH1<1TOMerpe (a). : Mo,11,ynb qiypbe-o6pa3a 3Toro 

CHrHana (6) 

EcnH m(z) - CHrHan MarHHTOMeTpa OT ToqeqHoro MarHHTHoro MOMeH

Ta e,11,11H11qHott aMnn11Ty,11,bl H s(zl - pacnpe,11,eneHHe MOMeHTa no Koop-

,11,HHaTe z, CHrHan MarHHTOMeTpa MOXHO 3an11caTb B BH,11,e CBepTKH: .. IX) 

· Mlzl = Jsl(;l ·mlz-(;ldf; ( 1) 

-IX) 

,lln.si: npocTOTbl 3TO BblpaxeHHe 6y,11,eM 3anHCbIBaTb B BH,11,e 
Mlz) = s(z) @ m(z): 

B HaWeM cnyqae no H3BeCTHblM m(z) H M(z) He06X0,11,HMO nony

qlfTb s(z), T.e. peWHTb o6paTHYD 3a,11,aqy ypaBHeHH.sl CBepTKH .. Ta

Ka.si: 3a,11,aqa pewaeTc.si: npH noMOll1H npeo6pa3oBaHH.sI ~ypbe:. 

s(z) = F-l [ Mlw>], r,11,e 
m(w) 

(2) 

Mlwl H mlwl - qiypbe-o6pa3bI qiyHKUHH Mlz) 11 mlzl, a F-l - o6paT-

Hoe npeo6pa30BaH11e ~ypbe. 

0,11,HaKO npH o6pa6oTKe peanbHMX 3KcnepHMeHTanbHblX ,11,aHHblX 

113-3a HanHqH.si: wyMa peweHHe ypaBHeHH.si: (1) pacxo,11,HTc.si: H 3a,11,aqa 

CTaHOBHTC.sl HeKo~peKTHOll. CymecTBYDT pa3nHqHble cnoco6bl npeo,11,0-

neHH.sl 3THX Tpy,11,HOCTett [4,5,61. B ,11,aHHOll pa6oTe npHBe,11,eHo pewe

HHe ,11,aHHott 3a,11,aq11 ,11,n.si: cHrHana CKBlllA-MarH1<1TOMerpa. 

2. Oco6eHHOCTH CHrHana Hero o6pa60TKa 

1 . C11rHan lp11c.16,2al H3Mep.si:eTc.si: npH nepeMemeHHH o6pa3ua 

warOBb!M ,11,BHraTeneM co CKOpOCTbD 300 waroB B. CeKyH,11,y, qTo COOT

BeTCTByeT nHHellHOll CKOpOCTH 0. 75 MM/C. 06pa3eU npoX0,11,HT pac

CTO.sIHHe npHMepHO 65 MM ( Mex,11,y neTn.sIMH CTMIT·- 15 MM). CHrHan 
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,., 

~ 

es 

MarHHTOMeTpa cqHTb!BaeTc.si: C qacTOTOll 6 ru. npH 3TOM Ha611paeTC.sl 

MaCCHB 113 600 q11cen; qT06bl y,11,oBneTBOpHTb TeopeMe O ,11,HCKpeTHOll 

Bbl6opKe, CHrHan MarHHTOMeTpa npOX0,11,HT aHanoroByn qJHilbTpau11n Ha 

qacTOTe · 3 ru. qTo •, COOTBeTCTByeT npocTpaHCTBeHHOll qacTOTe 

4 MM -l I ,11,HCKpeTa qacTOTbl 6y,n-eT 4/256 = 1 /64 MM -l l . T. K. Haw 

CHrHan npe,11,CTaBneH ,11,HCKpeTHblM Ha6opoM q11cen, TO Heo6xo,ll,HMO 

Hcnonb30BaTb He HHTerpanbHble ypaBHeHH.sl ( 1 ) H ( 2), a HX ,11,HC

KpeTHble aHanorH; C o6oCHOBaHHeM .KOTOpb!X MOXHO 03HaKOMHTbC.sl B 

pa6oTe [4]; 

2 . Bee paccyx,11,eHH.sI, npHBe,11,eHHbie B npe,11,b1,11,ymen qacTH, 

,11,eitCTBHTenbHbl ,11,n.si: HCTOqHHKa CHrHana, Haxo,11,.si:meroc.si: ToqHo Ha OCH 

z ( pHC. 1 a) • PeanbHblll o6pa3eu HMeeT KOHeqHblll o6beM H B ycnoBH.slX 

3KCnepHMeHTa MOXeT CMeCTHTbC.sl no OCH y. KaK noK,a3blBanT pacqe

Tbl, 3TO ,11,aeT H3MeHeHHe cHrHana He 6onee qeM Ha 3% ,11,n.si: Hawen 

ycTaHOBKH ( CM. npHnoxeHHe) . · B npe,11,enax 3TOtl ToqHOCTH Mbl MOXeM 

nonb30BaTbC.sl 11,11,eanH3HpoBaHHblM npe,11,cTaBneHHeM 06 HCToqHHKe CHr

Hana ( _cq11TaTb, qTo OH pacnpe,11,eneH TOnbKO no Koop,11,HHaTe.z ). 

3. 3aBHCHMOCTb m ( z) 6bina onpe,11,eneHa npH noMOll1H KaTyWKH C 

TOKOM I ,11,HaMeTp KaTyWKH 0. 5 MM, BblCOTa · 0. 5 MM l. _KaTyWKa co

CTO.si:na 113 ,11,ec.si:TH BHTKOB Me,11,Horo npOB0,11,a 0 20 'MKM. MarHHTHbltl 

MOMeHT KaTyWKH COCTaBn.si:n. 7. 53·10-9A•M2. lbMepeHH.sl. npoB0,11,HnttCb 

B HyneBOM MarHHTHOM none, qTo COOTBeTCTBOBano nonyqeHHD, Ma_K_CH

ManbHOro COOTHOWeHH.sl CHrHan/wyM. CHrHan OT KaTyWKH npe,11,CTaBneH 

Ha pHCYHKe 3a. 

3TOT CHrHan MoxeT cqHTaTbC.sl CHrHanoM OT TOqeqHoro HCToqHH

Ka, noCKOilbKY pa3peWeHHe no K00,11,HHaTe orpaHttqHBaeTC.sI WYMOM. 8 
HaweM "HaHnyqweMII CHrHane ( pHC. 36) 6e/1bllit WYM Ha4vtH_aeTCSI C 25-lit 

rapMOHHKH. B c11rHane, nonyqaeMOM ?6b1qHo B 3KcnepHMeHTe, ypo-. 

BeHb 6enoro wyMa eme Bb!We. AHamt3HpOBaTb 3KcriepHMeHTanbHb!e 
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pe3ynbTaTbl Ha 11aeT0Tax BbIWe 25-'1 rapMOHl'IKl'I He lfMeeT eMbiena, 11 

3To .naeT npe,u;enhHOe pa3peweH11e nony11aeMoro MOMeHTa s(zl no Ko

op,n11HaTe z. Een11 npe,u;enbHaR 3Hat1aIUaR rapMoHlfKa 

OTBeTeTByeT npoeTpaHeTBeHHott 11aeTOTe'25/64 MM-l 

25-SI, 4TO C0-
-1 ::: 0. 4 MM , TO 

pa3peweH11e no z 6y,neT He ny11we 2. 5 MM. Pa3Mep lf3Mep11TenhHOlt 

KaTyWKlf 0. 5 MM eyiueeTBeHHO MeHbWe, '19M npe,u;enbHOe pa3peweHlfe 

no KOOp,D;ll:HaTe, 3HatllfT, ee MOJKHO et111TaTb TOtle'IHblM lfeTO'IHlfKOM. 

4. Ilpll peweHlflf ypaBHeHlfR (1) e lfenOilb30BaHlfeM WOPMYilbl (2) 

B peanhHblX yenOBlfRX B03Hll:KaXJT TPYAHOeTlf 113-3a HeyeTolt'lllBOeTlf 

s ( z l. Ee nplltlllHY nerKO noHRTb I 51. . T. K. m < w l yMeHbWaeTeR e 

ysen11t1eH11eM w, a M( wl Ha BbleOKlfX 'laeTOTaX lfMeeT noeTORHHYXl 

aMnn11Ty,ny Ha ypoBHe 6enoro wyMa, s(wl 6y,neT pe3KO Bo3paeTaTb 

Ha BbieOKlfX 11aeT0TalC. B pe3ynbTaTe B s ( z) Beeb elfrHan 6y,neT 3a

Kpb!T BbleOKOtlaeTOTHbIM WYMOM. .llnR yeTpaHeHlfR no,u;o6Holt HeyeTott1111-

BOeTlf MbI nonh30Ban11eh ,u;syMR enoeo6aM11. 

IlepBbllt Ha116onee OtleBlf,D;eH 11 3aKnXJt1aeTeR B TOM, 'ITO eneKTp 

s ( wl o6pe3aeTeR Ha 11aeT0Te, np11 KoTopon 6enb1tt wyM CTaH0B11TeR 

Bblwe e11rHana o6pa3ua. Hanp11Mep, .nnR e11rHana Ha p11eyHKe 36 3TO 

25-si rapMoH111Ka, Ha p111cyHKe 26 - 10-si. TaKlfM o6pa3oM, np11 peweHlflf 

3a,na1111 soeeTaiiosneHlfR e11rnana M ( z l ( p11e. 2a l 110 e11rHany m ( z l 
( p11e. 36) Heo6xo,n11Mo o6pe3aTb cneKTp e11rHanos Ha 10-n 

rapMOHlfKe, T. e. 

s(wl = M(wl•f(wl rne f(wl = {1
• wswa_ w = lO·w. riiTwT ' " ' 0 mlil I 

· 0, w>wo 
( wmi Il - ,D;lfCKpeTa 11pocTpaHeTBeHHOlt 11aeTOTbl l. 

Ilonyt1eHHb1tt no TaKott MeTo,n11Ke e11rHan s ( z l 110Ka3aH Ha p11cyH

Ke Ba. 811,D;HO, 'ITO lfeTO'IHlfKOM elfrHana Ha p11eyHKe 2a RBilRillfeb 

,D;Ba noKanbHblX MOMeHTa pa3Illf'IHOlt aMnn11Ty,nbl. 

ffeCMOTpR.Ha eBOXl 11pOeTOTy, TaKOe o6pe3aHlfe eneKma BHOelfT 

cyiueeTBeHHbie 11eKaJKe~11R B e11rHan s(wl. IlyeTb s 0 <wl = ml~~. Tor

.na s(zl = s0 <zl ® f(zl, r.ne f(zl- wypbe-o6pa3 f(wl. <l>yHKUlflf 

f(wl 11 f(zl npe.neTasneHbl Ha p11eyHKe 4a, 6. Een11 s 0 (zl - To11e

t1Hbllt tteTO'IHlfK, TO nocne 11poue.nypb1. o6pe3aH11R e11eKTpa Mbl 11onyt111M 

s ( z) '= f ( z) . Ilo p11eyHKY 46 MOJKHO ey,nlfTb O eTeneHlf 11eKaJKeH1rn 

so ( Z). MoJKHO HeeKOilbKO yMeHbWlfTb 11eKaJKeHlfR f ( Z), Bbl3BaHHbie 

,u;n11HHbIM nepexo,u;HbIM 11poueeeoM, 11 e,u;enaTb ee 6onee rna,u;Kolt, He

eKOilbKO MO,D;llWllUllpOBaB f(W). 

8TOT e11oco6 110 cyiueeTBY paBHoe11neH o6pe3aHll:Xl eneKTpa, HO 

OH oeHoBaH Ha'' np11se,neHHblX B nyHKTe 3 paeeyJK,neHlfRX O TOM, 'ITO 
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P111c.4. AM11n11Ty,na wypbe ~ 06pa3a f ( wl .nnR npoue.nypbl 

o6pe3aHlfR cneKTpa (at f ( Z) ,D;IlR npoue,nypbl o6pe3aHlfR. (6) 

0.06 

{ 0,04] 0.02 
~ 

N 
.._, 

0.00 0.02 q... 

0. 00 I II I Xlf>00aor r I I I -0.02 
0 100 · 200 0 20 40 60 

w MM 

a 6 
· P111c.5. 

er nairnsaHlfR (a); 

ernairnsaHlfR (6) 

,AMnn11Ty.na wypbe- 06pa3a f(wl .nnR npoue,u;ypbI 

f(z) ,D;IlR MO,D;llWllUllpoBaHHOtt npoue,nypbl 
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P111c.6. Paenpe,u;eneH11e 11eTot1H11Ka MOMeHTa s ( z l no z, 

nony11eHHoe np11 noMOIIUI npoue,u;ypbl:(a). o6pe3aHlfR eneKTpa; (6) crnaJK11-
BaH11R 

ypoBeHh 6enoro wyMa onpe,u;enReT pa3pewaDiuyD enoeo6HoeTb no Ko

op,n11HaTe z. Een11 6enbltt wyM e11rHana Hat111HaeTeR c n-'1: rapMoH11-

Klf, TO MaKClfMailbHOe pa3peweH11e, KOTOpoe MOJKHO ,Il;OCTlfrHyTb, pas

HO 1/(n·wminl [MM] 11n11 1/(n·wmin·Al {,u;11cKpeTJ CA - .n11cKpeTa 
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KOOp,D;lrnaTbl}. 3HatmT, HCXO,IJ;Hbllt CHrHaJI M( z > MOJKHO crJia,D;HTb no 

1/(n•wmin'i} TOqKaM, qTo npHBe,D;eT K no,D;aBJieHHD BblCOKOqaCTOTHOlt 

KOMnoHeHTbl M(w), KaK H B nepBOM cnoco6e. ~YHKUH.51' f(w) ,IJ;JI.51' Ta

KOlt npouep;ypbl npe,D;CTaBJieHa Ha pncyHKe 5a. B CB.51'3H C TeM, qTo 

Bblllle Wo myM 60Jibme CHrHaJia, 3Ta qacTb cneKTpa He HH!pOpMaTHBHa 

H MOJKHO npHH.HTb f(w) = 0 npH w>wo. ~YHKUH.51' f(z) ,IJ;JI.51' TaKoro 

CHrHaJia npe,D;CTaBJieHa Ha 
0

pHCYHKe 56. BH,D;HO qTo TaKa.51' npouep;ypa 

crJiaJKHBaeT so<~) H He BHOCHT HCKaJKeHHlt OT ,IJ;JIHHHOro nepeXO,D;HOro 

npouecca. Pe3yJibTaTbI, nonyqeHHble 3THM cnoco6oM ) npHBe,D;eHbl Ha 

pncyHKe. 66. 

5. GT06bl onpe,D;eJIHTb BeJIHqHHY JIOKaJibHbIX MOMeHTOB o6pa3UOB, 

npHBe,D;eHHblX Ha pncyHKe 5a, 6, Ha,D;o· B3.51'Tb HHTerpaJI KaJK,D;Oro nHKa 

no Koop,D;HHaTe. AHaJIH3HpOBaTb BeJIHqHHY JIOKaJibHblX MOMeHTOB ipyHK
z 

UHH s(z) yp;o6Hee no ipyHKUHH S(z) = Js<1;>d1;. 

0 
PacCMOTPHM, KaKHM B npHHUHne MOJKeT 6blTb CHrHaJI s C z l OT 

,D;BYX JIOKaJibHblX HCTOqHHKOB. Ha pHCYHKe 7a npnBe,D;eH npHMep pac

npe,D;eJieHH.51' nJIOTHOCTH MarHHTHoro MOMeHTa no KOOp,D;HHaTe - MOMeH

Tbl 1 H 2. B 3TOM npHMepe B CHrHaJie npHCYTCTByeT "cTyneHbKa ". 
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P~c.8. 3aBHCHMOCTb S ( z l , nonyqeHHa.51' npH rIOMOill,H 

npouep;ypb1: a) o6pe3aHHR cneKTpa, 6) crnaJKHBaHH.51' 

COOTBeTCTBYD~a.51' nony6eCKOHeqHoMy p;epJKaTeJID o6pa3ua, Ha KOTOpoM 

HaXO,IJ;.HTC.51' MOMeHTbl 1 H 2. S(z) TaKoro CHrHaJia npe,D;CTaBJieHO Ha 

pncyHKe. 76. BH,D;HO, qTo HaKJIOHbl npRMbIX Ha yqaCTKax I, I I, I I I 
p;oJIJKHbI coBnap;aTb, a HCKOMbie MoMeHTbl M1 H M2 6yp;yT cooTBeTcTBo

BaTb OTpe3KaM, OTCeKaeMblM 3THMH np.HMbIMH Ha BepTHKaJibHOlt OCH. 

liMeHHO TaK Mbl onpe_,D;eJI.HeM BeJIHqHHbl MOMeHTOB. HanpnMep, BeJIHqHHbl 

MOMeHTOB ,IJ;Jl.51' CHrHaJia Ha pncyHKe 6a, 6 paBHbl COOTBeTCTBeHHO: 

2. 62•10-9 A•M2 H 1. 60•10-9 A•M2 (CM •. pnc. Ba, 6). 

_6. Omn6Kolt . onpep;eJieHH.51' · MOMeHTa ., RBJI.HeTc.H ( pnc. 7 6 > cpe.D;He-
. ' . , 

KBa,D;paTHqHoe OTKJIOHeHHe 3KCrtepHMeHTaJibHbIX 

yqacTKax I,II,III. nn.51' nepBoro MeTO,D;a 

4•1o-11A•M2, ,D;JI~ BTOporo: 2•10-
11

A•M
2

• 

ToqeK OT npRMblX Ha 

OWH6KH COCTaBHJIH: 

OueHHM npe,D;eJibHyn pa3pewan~n cnoco6HocTb MarHHTOMeTpa. 

IlpHMepHo 90% 3HeprHH CHrH_aJia m(w) CO,D;eplKHTC.51' B' ero nepBbIX Tpex 

rapMOHHKaX, qTo npH HaWHX H3MepeHH.51'X COOTBeTCTByeT rIOJIOCe qac

TOT "' 0. 04 ru. YpoBeHb wyMa MarHHTOMeTpa npH T·aKHX qacTOTaX 

5•1o-12A•M2/v'I'ii, T.e. npe,D;eJibHOe pa3peweHHe 10-
13

A·M
2

• 

-Onpep;eJieHHyn owH6Ky BHOCHT nncK~eTHOCTb AUIT. B HaweM cny

qae O)I;Ha )I;HCKpeTa COCTaBJI.HeT 5•10-1 A·M~. Oii;HaKo npH ycpen~e

HHH ( Mbl Ha6Hpa"eM MaCCHB H3 600 TOtieK) ynaeTC.51' rIOHH3HTb 3TY 

OWH6Ky. 

PeaJibHO JKe n3-3a wyMa, Bbl3bIBaeMoro BH6paunelt npH )I;BHJKeHHH 

06pa3ua,Tpyp;Ho nonyqHTb pa3peweHHe nyqwe,qeM 10-
12

A•M
2

. 
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3. IlporpaMMHaR peanH3aUHR 

JlJI.!l pacwmJ>poBKH cHrHaJia CKBllJl-MarHHTOMeTpa npH 

HCCJie,ll;OBaHHH o6pa3U0B C MaJiblM MarHHTHblM MOMeHTOM 6blJia 
pa3pa60TaHa cneuHaJibHa.ff nporpaMMa LL_M0M. exe, K0Topa51 HMeeT 

OTBeqaDIIUIR C0BpeMeHHblM Tpe6oBaHH51M noJib30BaTeJibCKHR HHTep~enc 

H n03BOJI5feT 6blCTpo o6pa6oTaTb ,ll;aHHble H3MepeHHtt H nonyqHTb 

pacnpe,ll;eJieHHe MaI"HHTHOro M0MeHTa H3Mep51eMblX o6pa3UOB. 

IloJib30BaTeJib Bbl6HpaeT Ha ,ll;HCKe ,ll;Ba npe,ll;BapHTeJibHO 

C03,ll;aHHble ll3MepnTeJibHOtt nporpaMM0tt ~attJia JJ;aHHblX - 0TKJIHK 

CHCTeMbl npn nepeMemeHHH "ToqeqHoro" llCTOqHHKa M0MeHTa H OTKJIHK 

OT nccneJJ;yeMoro o6pa3ua - H MeTo,ll; o6pa6oTKn. IlporpaMMa 

npOBO,ll;HT Bb[qncJieHHe pacnpe,ll;eJieHH51 MarHHTHblX MOMeHTOB, 

oueHnBaeT OWH6Ky BblqHCJieHH51, noKa3b[BaeT pe3yJibTaTbl H cnacaeT 

Ha ,ll;HCK 11n60 caMo pacnpeJJ;eJieHHe, JIH6o, no 3anpocy 

nOJib30BaTeJI5f, BblqncJieHHble MarHHTHble MOMeHTbl 06pa3ua .n ,ll;pyrnx 

HCTOqHnK0B MOMeHTa. 

@[~.el 
Ooown 

® Distribution 

0 MomE!ntum 

I 10 

[so 

PHC.9. 0KHO ,ll;HaJiora ,ll;Jl5{ 3a,ll;aHH51 napaMeTpOB 

o6pa60TKH, OKHa C rpa~nKaMH 

8 

1 
~ 

i 
f , ..... f 

llHTep~enc nporpaMMbl LL_M0M. exe BhlrJI.ffJJ;HT c11eJJ;yDI1UIM o6pa-

30M: npH BXO,ll;e B nporpaMMY BblCBeqHsaeTC51 OCHOBHOe OKHO C 3aro

JIOBK0M "SQUID Magnetometer Data Processing Program" n nonocott 

JJ;ettcTsntt: "Files, Run/Show, Options, Windows, Help". 

C noMOI.qbD naJJ;aDmero MeHi:> "Options" noJib30BaTeJib MOJKeT Bbl-

6paTb MeTO,ll;, ql{CJIOBble napaMeTpbl o6pa60TKH H MapwpyTbl no yMoJI

qaHnD ,ll;Jl5{ qTeHH51/3anncH ~aRJIOB. • 

Ilpn Bhl6ope MeTO,ll;a o6pa6oTKn "Truncating" npn nonyqeHnn pe

meHH.ff ypaBHeHH51 caepTKH MeTO,ll;OM npeo6pa30BaHntt 4lypbe o6pe3aDT

C51 see rapMoHHKn B cneKTpe nonyqaeMoro pacnpe,1J;e11eHH.ff, HaqHHa.ff 

c 3aJJ;aHHott qepe3 "Options", "Params", "Garmonic to truncate:", 

no yMoJiqaHHD c 10-vt rapMOHHKH ( pHC. 9 l. 8TOT HOMep MOJKeT 6b1Tb 

H3MeiteH TaKJKe ripH npOCMOTpe rpa~HKa cneKTpa o6pa3ua ( "Sample 

FFT" l nyTeM HaJKaTn.ff .B HYJKHOM MecTe npaaon KHonKn MbIWH. 

. Ilpn Bbl6ope MeTO,ll;a ,;Smoothing" nepe,ll; BblqHcJieHHeM npeo6pa30-

BaHH51 4lypbe 3HaqeHn.!l n3 ~anna JJ;aHHblX 06pa3ua crnaxnsaDTC.ff 

ycpe,ll;HeHneM no N ( no YMOJiqaHnD 50-Tn) coce,ll;HHM TOqKaM ( 3TOT 

napaMeTp 3a,1J;aeTc.!l qepe3 "Optionsll, "Params", "Points to 

smooth:" n npon3BOJJ;HTC51 o6pe3aHHe Ha 512/N -vt rapMOHHKe. 

Eulse responce file 
S.!!mple resp once file 
Pylse FFT 
Sample FFT 
[l,istributlon FFT 
Distribution Integral 

PHc.1O. 

rpa~nKaMn 

MeHD ,ll;JI51 o6pa60TKH H Bbl6opa rpa~HKOB,OKHa C 
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· B e11yt1ae sbl6opa AeiteTsmI "Run/Show" ( Alt-R 111111 MbIWbDl 

noS1s11S1eTeS1 naAan111ee MeHn · (p1-1c.10). IIp11 sbl6ope "Quick Start" 

nporpaMMa sbleset111saeT eTaHAapTHble OKHa Al1a11ora A11SI sb16opa ASYX 

SXOAHblX qian11os, 3aTeM Sblt1l1e11S1eT s eooTseTeTSl111 e Sbl6paHHblM 

MeTOAOM · l1HTerpa11 OT paenpeAe1leHl1SI MOMeHTa 11 noKa3bJsaeT ero 

no11b30SaTe11D S SHAe rpaqi11t1eeKoro OKHa. IIo11b30SaTe11b MOJKeT 

np1,11i1rn K 3TOMY arany, . noe11eAOSaTe1lbHO HaJKHMaSI nyHKTbl MeHD OT 

"Pulse Response" AO "Distribution Integral" 11 Ha611nAaS1, KaK 

Sblr'11SIASIT 11eXOAHble qiait11bl, 11X paenpeAe1leHl1SI 11 T.A. 

P1-1c.11. 

HaK110HOM 

Advanced Fit 

0: 1: 2: 3 

~ 
~ 
[I®QTI 
1@000 
IO@Oa 
10000 
10000 
10000 
10000 

.n11a11or A11SI 3aAaHl1SI rpynn e OAl1HaKOSblM 

IIoe11e Sbleset111BaHl1SI l1HTerpa11a OT paenpeAe11eHl1SI n011b30BaTe11b 

A011JKeH 3aAaTb Ha rpa~HKe e noMOD.\bD npaaon KHOnKl1 MblWl1 pa3611-

eH11e Ha yqaeTKH A11SI 1111HeitHoro q>l1T11pOBaHl1SI ( HX MOJKeT 6b!Tb AO 

30). Ha KaJKAOM 3aAaHHOM yqaeTKe 6yAeT npoSOA11TbeSI npSIMaSI MeTo

AOM Ha11MeHbWl1X K~aApaTOS. Pa:3611B Ha yqaeTKl1, n011b30SaTe11b Ha

JKl1MaeT "Li near Fit" ( He3aB11e11Moe q>11T11posaH11e l 1111n "Advanced 

Linear Fit 11 
( A11SI yKa3aHl1SI yqaeTKOS e OA11HaKOSblM HaK110HOMl. 8 

e11yt1ae "Advanced •.. " Bbleset111aaeTeS1 oKHO ,n11a11ora ( p11e.11 l, B 

KOTOpOM no11b30BaTe11b ,n11S1 KaJKAOr'O HOMepa yqaeTKa 3aAaeT HOMep 

IO 

I 

rpynm1 111160 "O" ( He3as11el1Mble HaK110Hbl; no YM011tlaHl1D see yqaeTKl1 

11MeDT rpynny "0"). 111160 "1" ( s HeKOTOpbIX e11yt1aS1X MoryT noHa

A0611TbeSI HeeK011bKO rpynn e OA11HaKOBblM HaK110HOM, A11SI t1ero 11Me

lJTeSI rpynnbl "2" n "3" l . Bb!t111e11eHHble npSIMble p11ey1JTeS1 qep~b!M 

useToM. 

3aTeM no11b30SaTe11b Sb1611paeT AeitCTBHe "Show Distribution" ·n 

Ha611DAaeT no11yt1eHHOe pacnpe,ne11~H11e. OH TaKJrn . MOJKeT Bb16paTb 

"Compare Distributions" 11 cpaBHl1Tb Ha OAHOM rpaq>11Ke 113MepeH

Hl,Je. AaHHble A11_SI .?A~.°r'O o6pa3Ua 11 CBepTKY Sbltll1e11eHHOI:'0 pacnpeAe-:-

11eHl1SI C nepeXOAHOit q>yHKUHeit. 

KaJKAOe OKHO C rpaq>11KaMH n03BOJISleT 113MeHHTb ero pa3Mepbl H 

nonoJKeH11e Ha 3KpaHe. 

IIp11 sbl6ope "Files", "Save Rezults" Bblcaet111saeTeS1 eTaH.IiapT

Hblit A11a11or Sbl6opa 11MeHl1 qian11a H noc11e Bbl6opa npoHCXOA11T 3an11eb 

Ha ,n11eK 111160 pacnpeje11eHl1SI MOMeHTa, 111160 MOMeHTOB B COOT

BeTeTSl111 C Sb16opoM B ·MeHIJ "Options"' "Params". 

CTaHAapTHOe MeHIJ "Windows" no3S011SleT noKa3aTb Ha . 3KpaHe 

see OTKpblTble OKHa _c rpaq>HKaM11 ( 11X Bcero 8 l OAHOSpeMeHHO 

("Tile") 111111 e nepeKpbITHSIMH ("Cascade"), a TaKJKe 3aKpb!Tb see 

OKHa ("Close All"l 

MeHn "He 1 p" no3so11S1eT no11yt111Tb noAcKa3KY no nyHKTaM Me HD 

,neitCTBl1it ("Index") 11 11Hq>OpMaUHIJ 06 aBTOpe 11 sepc1111 nporpaMMbl 

( "About" l. 

4. CTpyKTypa nporpaMM~ 

IIporpaMMa HanncaHa Ha Sl3bIKe Borland C++ 11 Bbmo11HeHa KaK 

np11110JKeH11e A11SI rpaqi11t1ecKoit epeAbl Microsoft Windows 3. 1 I 8 J. 

3TOT Sbl6op eSSl3aH e TeM, 'ITO MHOr'OOKOHHaSI 06011ot1Ka 

npeiocTas11S1eT MaKCl1Ma11bHOe KOJll1tleCTBO B03MOJKHOCTeit A11SI 

o6pa60TKH AaHHblX, 11, KpOMe Toro, 11cnOJib30BaH11e nporpaMMHblX 

cpe,ncTB Borland C++ & Application Framework 3.1, · 11MeDl!UfXCS1 a 
: . 

HaJIH'll111, s 'l~CTHOCTl1 6116n110TeK11 o6~eKTOS ObjectWindows [101, 
no3S011SleT He TOJlbKO 6blCTpo H YA06HO e03AaSaTb 06~eKTHO

op11eHT11posaHble np11110JKeHl1SI Microsoft Windows, HO 11 06eenet111BaTb 

np11 3TOM . Tpe6osaH11S1 · Common User Access · ( CUA l K 11HTepqieitcaM 

n011b30BaTeJibCKl1X . nporpaMM, KOTOpble eTaJil1 o6menpl13HaHHblM 

CTaHAapTOM ,n11S1 pa3pa60T'll1KOB nporpaMMHOr'O 06eenet1eHl1SI 17,81. 
CTpyKTypa OKOHHbIX Knaecoa ,nnS1 LL_MOM. exe noKa3aHa Ha 

p11eyHKe 12. OKOHHble K11aecbl, . Han11caHHble aSTOpOM nporpaMMbl, 

II 



RBJIRK>TCR AoqepHu~u AJIR 6u6nuoTeqHwx Knaccos TWindow, TMDIFrame 

u TDialog. Ha pucyHKe 12 OHH 3aWTpuxosaHbl. 

Knaccw TmgWindow u TlgWindow - OKOHHbie Knaccb1 AJIR rpaipuKoB 

'PYHKUHn B JIHHenHwX u norapH!pMUqecKHX OCRX. 0HH MoryT RBJIRTbCR 

6a30Bb!MH ,ll;JIR HanucaHHR ,u;pyrux nporpaMM o6pa60TKH AaHHblX. Ilpu 

Bbl30Be KOHCTPYKTOpOB 3THX KJiaCCOB AOCTaToqHo 3aAaTb 

MaKCHMaJibHble H MHHHMaJibHble 3HaqeHHR AJIR .u;aHHblX no X H Y, 
3aroJIOBOK OKHa H useTa. 

:§, 

TWindow 

T\llindowsObjecl 

,~l!tli&UHfilG@faQfdt~W£Hfi§Jffi.iK¾1id:IIE·i?/ff:EmJhiiJtffilw.Mtli\rAtfod\kfltbtt?WJJHSi%Wfif.wI%filI&I~ 

P1,1c.12. qaCTb CTPYKTYPbl 061,eKTHblX KJiaCCOB nporpaMMbl 

Knacc TmgW_mom - OKOHHbln KJiacc ,ll;JIR npeACTaBJiel,HR qucJIOBblX 

,u;aHHblX, cq11TaHHblX 113 TeKCTOBblX ipannos C B03MOJKHOCTbK> CMeHbl 

HanpasneHHR no OCH "x". IlpH. Bbl30Be KOHCTPYKTOpa A06aBJIReTCR 

HMR . ipanna _AaHHWX. IlpHMep, 3K3eMnnRpa TaKoro Knacca ,u;aH Ha 

pHc.10 B npaBOM HHJKHeM yrny. 

Knacc TlgW_FFT npe,u;Ha3HaqaeTcR AJIR npe,u;cTasneHHR aMnn11Ty,u; 

npeo6pa30BaHHn cl>ypbe, KOTOpble swqHCJIRK>TCR KaK npeo6pa30BaHHR 

512-ToqeqHoro KOMnJieKCHoro. MaCCHBa AaHHblX no CTaHAapTHblM 

ipopMynaM 6bICTporo npeo6pa30BaHHR cl>ypbe [ 91. IlpHMep - Ha pHC. 10 

B npasoM sepxHeM yrny. 

Knaccw TmgW_mom H TlgW_FFT TaKJKe MoryT RBJIRTbCR 6a30BWMH 

AJIR AaJibHenw11x pa3pa6oToK nporpaMM. 

12 

0cTaJibHble pa3pa60TaHHble . KJiaCCbl OTpaJKaK>T cneuHipHKY ,u;aHHon 

3aAaq11. Knacc TmgW_mom2 cnyimT AJIR npeAcTasneHHR H pa6oTw c 

HHTerpanoM pacnpeAeneHHR (puc.11, cnesa); TmgW_momC - AJIR 

rpaipuKa pacnpeAeneHHR MoMeHTa (pHc.10,cnesa BHH3yl; TmgW_Mom3 -

AJIR BblBOAa Ha 0,ll;HH rpaipHK ipyHKUHH OTKJIHKa 06pa3ua . H . csepTKH 

nonyqeHHoro pacnpeAeneHHR c nepexoAHon ~YHKUHen (pHc.9,cnpasa 

BHH3yl; THelpWindow - AJIR Bblcseq11saHHR Help-HHipopMaUHH. 

KaJKAOe OKHO C rpaipHKOM HMeeT cson useT !pOHa, 3a,u;aHHbln B 

MOMeHT Bbl30Ba KOHCTPYKTOpa AaHHoro OKHa, H 3aroJIOBOK, CBR3aH

Hbln C HMeHeM ipanna AaHHblX HJIH CMblCJIOM npeACTaBJIReMon KapTHHKH. 

KnaccbI TPathsDlg, TParamsDlg, TMethodDlg H TAdvancedDlg 

Han11caHbl AnR npeACTasneHHR AHanoroB AnR. _BbI6opa . AHpeKTOpHn no 

yMonqaHHK>, q11cnOBblX napaMeTpOB, MeTOAa o6pa6oTKH H 3aAaHHR 

rpynn C OAHHaKOBhlM HaKnOHOM COOTBeTCTBeHHO. Knacc TllmomWindow 

onHCbIBaeT OCHOBHOe OKHO nporpaMMbl H B3aHMO,u;encTBUe 3K3eMnnRpOB 

,u;oqepHHX OKOHHblX Knaccos. He noKa3aHHbln Ha pHCYHKe 12 Knacc 

Tllmom_Int RBnReTCR . HHTepipencHblM KnaccoM ,u;nR AaHHOro 

np11noJKeHHR H AoqepHHM AnR cTaHAapTHoro Knacca TApplication. 

MeHK> H ,u;11anor11 nporpaMMW on11caHbl B ipannax on11caHHR pecyp

cos LL_M0M.rc H LL_M0M.dlg H OTKOMn11n11posaHw c noMomt,D KoMn11-

nRTopa pecypcos WorkShop. 
IIporpaMMa Han11caHa B Large MOAenu naMRTH H Tpe6yeT AnR 

csoen pa6oTbl Han1,141,1~ 1 M6ali1r extended memory H_a K0M0blOTepe Knacca 

He HHJKe AT/286. Ha ,u;HcKe oHa 3aHHMaeT 91K611·11cnoJI~3yeT AHHa

MHqecKHe 6116n110TeKH BClRTL.DLL HAP· 
IIporpaMMa RBnReTCR npHMepoM C03,D;aHHR 06t,eKTHO-

op11eHTHpOBaHHOro npo~paMMHoro o6ecneqeHHR_Ha OCH0Be 6116n110TeKH 

o6t>eKTOB 0bjectWindows ipHpMw Borland H no3sonReT c,u;enaTb Bb!BO,u; 

o np11sneKaTenbHOCTH TaKoro no,u;xo,u;a npH co3,u;aHHH nporpaMM 

o6pa6oTKH ,u;aHHblX. 

6.3aKIII04eHl1e 

IIporpaMMa pacmH!ppOBKH CHrHana MarHHTOMeTpa pacmHpReT B03-

MOJKHOCTH CKBIIIA-MarHHT0Merpa\ npH · 1,1ccneAoeaH1,11,1 o6pa3L\0B c ManblMH 

MarHHTHblMH M0MeHTaMH H n03BOJIR9T nonyqaTb · 6onee Ha,u;eJKHble ,u;aH

Hble s6n11311 npe,u;ena pa3pemeHHR ycTaHOBKH. KpoMe Toro, . _noRBnReT

cR B03MOJKHOCTb npoBO,ll;HTb H3MepeHHe cpa3y ,u;syx o6pa3UOB, O,ll;HH 

H3 KOTOpbIX 11ccne,u;yeMbln o6pa3eU, a BTopon - Kan116posaHHb1n 06pa-

3eu ,u;nR 6onee ToqHoro H3MepeHHR nonR s pa6oqen 30He. 
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• 
ABTOpbI 6naro.napHb1 Ill. C. 3etlHaJioBy 3a ueHHbie 3aMe'lamrn . 

1Ip1111olKeH11e 

IIOTOK MarHHTHoro nomi, C03,D;aBaeMblil TO'le't/HblM MarHHTHblM .n11-

noJieM, qepe3 np11eMHYD KaTyWKY .n11aMeTpOM 2•Ro (p110.13) COCTaB

mteT: 
00 

cl> = J2nR O ....!!!.....{iR = 
R3 

Ro 

2nm 
-irn· 0 

r.ne m - Be,JIH'IHHa .n11noJibHOI'O MOMeHTa .n11noJIR. 

EcJIH ,D;HnOJib.CMeCTHTCR 113 UeHTpa KaTyWKH Ha paCCTORHHe fl no 

OCH y. TO MarHHTHblil noTOK 113MeHHTCR Ha flcp ( p11c. 14) 

m 

~ 
P11c.13. CxeMaTH't/eCKOe P111c.14. , ·feoMeTpH'leCKOe 

11306paxeH11e MarHHTHOI'O .n11noJIR 

B nptteMHOil neTne MaI'HHTOMeTpa 

T[ 

noRcHeH11e K qiopMyne (3) 

3mfl2 .n - -rn- z 0 . 
(3) M = JRofl•sina• (~]R•fl•sina da = 

0 0 .. 
B reoMeTp1111 ycTaHOBKH Ro = 6 MM, pa,n11yc KaHana .D;JIR · o6pa3ua 

flmax = 2 MM, no3TOMY ow116Ka 113MepeHHil 113-3a OTKJIOHeHHR o6pa3ua 

OT OCH COCTaBJIReT: 
. 2 

(M> ] = 3 • [ fl ] ~ 0. 08 
~max { ~ 

fl=2MM 

(M> ] , ~ 0, 02 
~ fl=lMM 

T. K. o6pa3eU HMeeT peaJibHble pa3Mepb1 np11MepHO 1 MM, MOXHO C'IJH

TaTb, 'ITO B xy,nweM cJiyqae Mb! noJiyqaeM ow116Ky He 6onee 3 .. %. 
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