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BBe,aeuue 

CTaHJlapTHofi 3a,uaqefi, B03HHKaromefi npu aHaJIH3e pe3yJihTaToB t\JH3ll'lecKux :aKcnepu

MeHTOB, .IIBJUieTC.II npu6mDKeHlie 3KCnepHMeHT3JlbHbiX ,llaHHbiX MO,lleJibHbiMli -TeopeTH

'-IeCKliMli tPYHKUll.IIMli, CO.Uep:lKaiUHMli llO,llfOHO'-IHble napaMeTpbl. B' HaCTO.IIIUefi pa6o

Te OllliCbiBaeTC.II npOrJlaMMa o6pa60TKli BpeMeHHhiX IliCTOrpaMM, nonyqaeMbiX B p.SR 

(Muon Spin Rotation) :aKcnepHMenTax [1]. 
p.SR-rncTOrpaMMa .IIBJUieTC.II IliCTOrpaMMOH BpeMeHHbiX liHTepB3110B ~e:lK,lly MOMeH

TOM OCTaHOBKli MIOOHa B MlillleHH li MOMeHTOM ero pacna,ua li CO,llep:lKIIT, KaK npaBliJIO, 

2-8 Tb!C.II'-1 KaHaJIOB (pHC. 1). rliCTOrpa...I:Ma OllliCbiBaeTC.II tPYHKUUeii: Bll,lla 

BG + Ne-,_; (1 -f. P(t)), 
r.ue Tl-' - BpeMH ~H3HH MIOOHa, BG - 1\JoH. . 3Ha'-IHMM tPH3li'-leCKM HHtPOPMaull.ll 

co.uep:lKHTC.II B tPYHKUIIH P(t), KOTopym Ha3biBaiOT tPYH~Hefi noAApii3auHH._ Bll.ll tPYHK

UHH llOJI.IIpli3aUHli, onpe,lleAAeMbiH MeXaHii3MOM B3am.W,lleHCTBll.ll MIOOHa B. BeiUeCTBe li 

ycJIOBll.IIMli npoBe,lleHH.II 3KCnepHMeHTa, MO:lKeT 6hiTb ,llOCTa~O'-IHO CJIO:lKHbiM, HO, 3a,uaBa.ll 

ypaBHeHH.II CB.II3H Me:lK,lly no.uroHO'-IHbiMH napaM.eTpaMH, tPYHKUHIO P(t) MO:lKHO 3anucaTb 

B Bll,lle CyMMbl He3aBllCUMbiX CJiaraeMbiX, KIDK,llOe li3 KOTOpbiX 6y.UeT Bbi6upaTbC.II li3 

orpaHH'-IeHHOfO Ha6opa B03MO:lKHbiX BapHaHTOB. 

B cnyqae HCnOJib30Baumi OTpnuaTeJibHbiX MIOOHOB B tPYHKUH_IO, onHCbiBaiOIUyiO p.SR

rncTorpaMMy, BXO,ll.IIT HeCKOJibKO KOMllOHeHTOB 

N;e-* (1 + P;(t)), 

COOTBeTCTByiOIUliX pa3HbiM CKOpOCT.IIM MepHoro 3axBaTa MIOOHa pa3Hb1Mli MpaMii. 

06bi'-IHO B p.SR-3KCnepHMeHTe Ha6HpaeTC.II HeCKOJibKO (2_;,5) IliCTOrpaMM O,llHOBpe~, 
MeHHO, KOTOpble Ha3biBaiOT p.SR-cneKTpOM. llapaMeTPbl, ·- OllliCbiBaiOIUUe B3aHMO,riefi

CTBlie MIOOHa -B BeiUeCTBe, B 60JibiiiUHCTBe CJiyqaeB .IIBJUIIOTCR 06IUHMII ,WIR BCeX m
CTOrpaMM cneKTPa. CoBMeCTHa.ll o6pa6oTKa 'IliCTOrpaMM cneKTPa c o6o6mecTBJieHUeM 

'-laCTII napaMeTpOB npHBO.UHT K noBbiiiieHHIO TO'-IHOCTH onpe.ueneHll.ll napaMeTpoB. B 
cnyqae CliJlbHOH KOppeAAUlili Me:lK,lly napaMeTPaMII COBMeCTHa.ll o6pa60TKa MO:lKeT ,lla

BaTb Bbllirpbiiii B TO'-IHOCTH onpe.ueneHll.ll napaMeTPOB B HeCKOJibKO pa3 no CpaBHeHHIO C 

pa3.UeJibHOfi o6pa6oTKofi u nocne.uyiOmnM ycpe.uHeHneM. 

B HacToRmee BpeMRnMeeTCR 6oJibiiioe KOJiu'-leCTBO 6u6nuoTeK u roTOBbiX ·npoq)aM

MHhiX npO.uyKTOB, -ll03~0ITRIOIUHX npOBO~liTh o6pa60TKY 3KCnepHMeHT3JlbHbiX ,llaHHbiX, 

uo B CliJIY ynoMHHYThiX cneuHI\Jn'-lecKHx TPe6oBaHHfi .llAA o6pa6oTKu p.SR-.UaHHhiX o6hi'-I

HO pa3pa6aTbiBaiOTCR cneuuanhHhie nporpaMMHbie np-O.uyKTbi.. B onucbiBaeMofi npo-· 

rpaMMe peaJill30BaH- Ha6op B03MO:lKHOCTefi, Heo6xo.uuMbiX npu auanme· p.SR-.UaHHbiX: 

COBMeCTHa.ll o6pa60TKa HeCKOJlbKliX IliCTOrpaMM, 3a,llaHlie JIHHeHHbiX ypaBHeHHH CBR-

3H Me:lK,lly llO,llfOHO'-IHbiMli napaMeTPaMH; npOCTOH- CllOC06 1\JopMHpOBaHliR 1\JumpyeMOH 

MO,lleJibHOH tPYHKUHH,- llaKeTHa.ll o6pa6oTKa Ha6opa cneKTPOB ll Bli3yanbHbiH KOHTPOJib 

pe3yJibTaTOB o6pa60TKll. 

llporpaMMa MuonFit opneHmpoBaua npe:lK,lle Bcero Ha HHTepaKTHBHyiO pa6ory u 

HMeeT npocTofi l-1 y.uo6Hhiii llOJib30BaTeJihCKnii: HHTept\Jefic, ocHoBy KOToporo coCTaBJIReT 

CliCTeMa MeHIO. 
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PHc. 1. JLSR~rncTo.rpaMMa N(t) .(Cu, H = 100 rc, T = 270 K) 

<llopMaT BXO,l(HbiX ,l(aHHbiX 

Bxo){HhiMII ){aHHhiMII ){Jill nporpa\tMhi MuonFit 51BJiiiiOTCil JLSR-cneKTphi. CneKTphi xpa

Hi!TC51 B, Blf){C . 6IIHapHbiX !lJaiiJioB, Ka)J(){biH CITCKTp - B OT){CJibHO.M !lJaiiJie. CneKTp 

COCTOIIT Il3 nacnopTa II HeCKOJibKHX (){0 8) I'lfCTOipaMM. riiCTOipaMMa 3aiTIIChiBaCTCil 

KaK MaCCIIB u:eJihiX. 6e33HaKOBhiX 'lliCeJI. )J;mna I'lfCTOipaMMbi II pa3Mep KaHana rHCTO

IpaMMbl )'Ka3hiBaiOTCil B nacnopTe cneKTpa. B HacToilmee npeM51 nporpaMMa MuonFit 
MOA<CT pa6oTaTb. C fliCTOipaMMaMII ){JIIIHOH ){0 8192 KaHanOB C pa3MCpOM KaHana 2; 4 If 
8 6aii1'. B . IIaCIIOpTe CIICKTpa COJJ;Cp)J(IITCil IIH!lJOpMaQifil 0 TCMneparype IfCCJIC){ye~mro 
o6pa3Qa, BCJIII'IIIHC II HarrpaBJICHIIH MarHHTHOfO llOJiil Ha o6pa3U,C, HOMepe KaHana fliCTO

rpaMMbi,, COOTBCTCTByromero HYJIIO BpCMCHII, U,CHC KaHana riiCTOipa\IMbi, KOMMCHTapnii 

II HeKoTopag . JJ;ononmiTeJihHail IIH!lJopMaum~:. Bee 'IIICJIOBhie 3Haqemm JaiiiiChiBaiOT

cg B U.CJIO'IIICJieHHOM !lJopMaTe, 'ITO ynyqrnaeT nepeHOCIIMOCTb !lJaiiJIOB JJ;aHHbiX MCiK.1IY 

pa3JIH'IHbiMII onepaQUOHHbiMII CIICTCMaMH. 

ct>opMaT ¢aiina ){aHHbiX JJ;onycKaeT npeo6pa3onaHHe B uero JLSR-cneKTpon, Jam!

cannbiX ua Me3ounoii ¢a6paKe PSI (illneiiuapn>I) . .IV!>~ Bhmonueun>I TaKoro npeo6pa-

30BaHIDI HaiiiiCaHa nporpaMMa-KOHBepTOp. 

Ar\pecaumLCITCKTpa OCymeCTBJiiiCTCil ITO ero HOMepy, KOTOpbiH O){HOBpCMCHHO iiBJISI
eTC>I 'laCThiO HMeHH !lJafma. 
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llo)(rOTOBKa K cjJHTHpOBaHHIO 

IlO)]J'OTOBKa K !lJllTHpOBaiUUO COCTOiiT H3 CJH~JzylOII(HX maroB: 

• Jh JLSR-rncTOipaMMhi y.IJ;arniiOTCil "Bbi6HThie" Kmianhi, (i + 1)-ii Kaiian C'IHTaeTCil 

"Bbi6HThiM", eCJilf BhillOJIIDieTC.sl yCJIOBHe 

' )2 
(y;- Yi+I ;::: a2, 

'y; 

r){e y; - 'IHCJio co6hiT~ii B i-M KaHane rncrorpaMMhi •• · 

• rHCTOipaMMa ITOKaHanhHO CYMMHpyeTCil. •Heo6XO){lfMOCTh TaKOro CYMMifpOBaiiiDI' 

B03HHKaeT B CJiyqae Manoii CTaTHCTIIKlf ( < 10 C06hiTHH) B KaHane I'lfCTOipaMMhl. 

e B COOTBeTCTBHH C 3a){aHHhiMH BhlpiDKeHIDIMH Bhi'IHCJiiiiOTC.sl Ha'lanhHhie 3Ha'leHIDI 

no){roHO'IHhiX · napaMeTPOB, nim aTOM MO)J(eT 6i.I~h: ilcnoJih30Bana Hn!lJopMai]JUI, 

CO){ep)J(amagcg B nacnopTe cneKTPa. B BhipiDKeHIDIX ){OnycKaeTC.II HCrrOJih30BaiiHe 

apH!lJMeTII'leCKHX orrepaUHH ( +, -, *• j) If CJie;:zyiOII(IIX lf){eHTH!lJHKaTOpOB: 

- T - TeMrreparyphi; 

- Del taT- cpe.zt~eKBa){pamquoro oTKJioneniDI TeMneparypLI; 

- HX- X-COCTaBJiiiiOII(eii MarHHTHOro ITOJiil; 

- Hy- y-cocTaBJii!IOuieii ManmTHoro rrOJiil; 

- Hz- z-cocTaBJii!IOII(eii M3.rniiTHoro rr~Jiil; . 

- Ht - coci'aBJii!IOII(eii MarHHTHoro rroJiil, nepneH){HK)'Jiilpnoii natianhnoii no-

JiiiPII3aQIIH MIOOHHOro nyqKa (Ht = JHx2 + Hy2); . 

- Hl -:- COCTaBJii!IOII(CH MarHHTHOro ITOJiil, rrpO){OJihHOH no OTHOillCHIIIO K 

Ha'lanhHOH llOJiilpH3aQHH MIOOHHOro .. nyqKa (Hl =Hz); 

- H - MarHHTHOro noJiil (H = JHx2 + Hy2 + Hz2); 

- M- MOHHTOpa ('IHCJIO OCTaHOBOK MIOOHOB B Ml,iillCHH); 

- Ml - MOHHTOpa #1 (ne cneuH!lJHUHponmi); 

- Ganuna - rnpOMarHIITHOro OTHOilleHIDI ){Jill MIOOHa 

(Ganuna = 0.08515865 paJlj(rc • MKc)); 

- Tau - BpeMeHH )J(lf3Hll MIOOHa (Tau = 2.19714 MKc);. 

- Pi - 'IIICJia 1r. 

HanpHMep, BbipiDKeHHe Ganuna *,H MO)J(HO HCITOJih30BaTh ){Jill 3a){miiDI Hatianhnoro 

3Ha'leHIDI 'laCTOThi npeQCCCHH CITIIHa MIOOHa •.. 

• ITo rncrorpaMMe H MO){eJihHoii !lJymaum onpe){CJiiiiOTC.sl natianhmie 3Ha'l!!HIDI !lJo- , 

ua BG H nopMHponotinoro MHO)J(HTCJiil N (;msi MO){eJihHhlX q,yillciurn, npe){CTaBH

Mhix B Blf){e BG + N F(t)). 
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A.JiropHTM MHHHMH3a~HH 

llo.ll.fOHOqHbiC napaMCTPhi a MO.lJ.eJibHOH ¢YHKUHH j(t, a) oiJpC.UCIDIIOTCH llYTCM MHHH

MII3auHH ¢YHKIIHOHa.Jia 

r(a) ~ L (Yk - fk(a))
2

, 
k Yk 

fJ(C Yk - 3KCnepHMCHTa.JlbHbiC TQqKH, fk - COOTBCTCTByiOIUHC 3HaqeHH51 MO.UeJibHOH 

¢YHKIIHH. B nporpaMMe MuonFit ncnoiiL30BaH a.rrropHTM MapKsapTa MHHIIMHJaunn 

cl>YHKUHH MHOrHX nepeMeHHbiX [2]. 3TOT a.JI~OpHTM xapaKTepeH, TCM, qTQ coqeTaeT 

B ce6e MCTO.lJ.bl JIHHeapmaUHH lf rpa.uneHTHOfO CIT)'CKa. MHHHMIBaUH51 BbiiiOJIH5ICTC51 

CJIC.ll.yiOIUIIM o6pa30M •. 

TeopeTnqecKIDI ¢YHKIIH51 mmeapH3)'CTCH B HCKOTopoii TQqKe 

fk(a) ~ fk(ao)+ L 8fk(ao) Lla; 
; 8a; 

H llO.lJ.CTaBJI5ICTC51 B ¢YHKIIUOHa.JI. CocTaBJI5ICTC51 CHCTCMa. ypaBHCHHH OTHOCHTeJibHO 

napaMCTPOB 

ax2 = o, 
8a; 

li!Ill B MaTpll'IHOH 3allHCll 

n~e 

L G;illai = Yi, 
j 

G;j := L ..!_ 8fk 8fk, }'; = L 8fk(Yk- fk). 
k Yk 8a; 8ai k 8a; Yk 

3aTeM Ha.u MaTpllueii G;i BLillOJIH5IeTcH cne.ll.yiOme~ npe~6pa3osailne: 
r; .. 

G;i ....... G;i + Uo;i·, 

r.ue U - neKoTopLiii ueoTpm~aTeJILHLiii napaMeTP. Haxo.unTC» MaTpnua Gij 1, o6paTHIDI 

K G;i, u BhiiiOJIH5IeTcH npeo6pa3oBmine 

G-1 
ij ....... 

c~~ 
IJ .. 

JG;;Gii. · 

liar ll3MCHCHH51 BCKTOpa a Bbi'UICJISCTCH KaK C)'MMa: 

Lla; = L: c;tlJ: 
j 

Cury<mrui, Kor.ua· .uo6asKa U K .uuarona.rrLHLIM '3neMeHTaM MaTPm.tLI G;i pasHa 0, 
3KBllBa.JlCHTHa MCTO.lJ.Y mmeapll3aUIIH, yseJIU'ICHlle napaMeTpa U npHBO.UHT K llOBOpOT)' 

4 

., 
1 

j 

BCKTOpa .!la B HanpaBJieHim -grad x2 H )'MCHLIIICHHIO ero MO.li.)'IDI. . ){HafOHa.JILHL!C 

3JieMeHTLI MaT~HULI Gij 1 
npn U = 0 .ua10T oiiiH6Kn napaMe'rpos 

Oa;=/(i;!. 

llocne BhJqnCJieHH51 HOBLIX Jnaqeunii napaMeTpos a nposepHeTcH nonyqeHnoe 3Ha

qeHHe x2• Ecnn IIIar 6Lm y.uaqeu, T.e •• x2 )'MCHLIIIHJIC», TO sennqnua U yMCHLIIIaeTc», 

CCJIH HCT - ysennqnBaCTC51 ll npoue.uypa ¢HTHpOBaHH51 B0306HOBJIHCTC51 li3 TQqKH, CO

OTBCTCTByiOIUCH JiyqiiieMy 3HaqeHHIO X2
• 

llpouecc MHHHMIBaUHH OCTaHaBJIHBaCTCH, Kor.ua )'MCHbliiCHHC X2 
3a O.li.H)' HTepa

UHIO CTaHOBHTC51 MCHbliiC Ja.uaHHOH BeJIH'IHHbl HJIH npH .lJ.OCTIDKCHHH YKa3aHHOfO 'lliCJia 

HTepauuii. Ha nocne.uneM mare, .li.!I» nonyqeHH» npaBHJILHLIX 3Ha'!euuu' oiiin6oK napa

MeTpos, BeJIH'IHHa U nonaraeTc» pasuoii. 0. 
,IlaHHblll a.rrropHTM MHHHMH3aUHH }')KC OKOJIO ,10 JICT npHMCH5ICTC51 npH o6pa6oTKe 

{LSR-.UaHHbiX. 3a 3TO BpCM51 OH 6biJI TCCTHpOBaH C 60JibliiHM KOJIH'ICCTBOM MO.ll.eJibHbiX 

¢YHKUHH H .li.JIH 6oJibliiHHCTBa li3 HHX llOKa3a.JI XOpOIIIyiO. CXO.UHMOCTb H )'CTOH'IHBOCTb. 

Cnoco6 BapLupoBaHIDI napaMeTpa 

llpH BbinOJIHCHHH MUHHMH3aUHH ¢YHKUllOHa.Jia X2 JII060H UO.UrDHO'IHbiH napaMeTp a; 

MO)I(CT 6LITb 

e cl>HKCHpOBaHHbiM; 

• cso6o.uuo sapLllpyeMLIM; 

• sapLnpyeMLIM B Ja.uaHHLIX rpaHnuax. 

BapLllposanlle napaMeTpa B Ja.uannLix rp"au11uax ocymecTBJI»eTc» nocpe.ucTBOM JaMeHLI 

nepeMCHHOH: ' . 

a; =Pi sin(b;) + q;. 

flpn 3TOM OIIIHfiKH nepeC'IHTbiBaiOTC51 B JIHHCHHOM npn6JIH)I(CHHll: . . 

oa; = iP; cos(b;)iob;, 

KOTOpoe npHMCHHMO, TOJibKO KOf.Ua 3Ha'!eHm! napaMeTpa HaXO.ll.liTCS .Ua.JICKO OT Ja.uaH

HbiX rpaHHU. 

B npouecce·BblllOJIHCHl!S MllHllMU3auun cl>YHKUIIOHa.Jia x2 
nporpaMM.a MuonFit no-

3BOIDICT "spyqHyiO" li3MCHSTb 3Ha'!CHHS llO.lJ.rDHO'IHbiX napaMeTpOB, ¢nKCHpOBaTb II 

OCB06mK.UaTh napaMeTpbl, li3MCHSTb rpaHUUbl BapbllpOBaHHR napaMeTpOB. 
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YpauueHHH CBH3H Me1K.ll.Y ~apaMeTpaMu 

Ha nonroHoqHhie napaMeTphi Moryr 66ITh HaJIOJKeHhi nononHHTeJihHhle orpaHnqeHHH 
n nHJle CHCTeMhl JlHHeHHhiX ypanHCHHH. B ypaBHeHH.!IX )lOnyeKaeTe.!l HellOJlh30BaHHe 
apmflMeTnqeeKHX OncpaUHH ( +, -, *• j), napaMeTPhl JlOJl:lKHhl HaXOJlHTheH n qnellHTell.!IX 
npo6eH. IlapaMeTphi o6muaqaiOTCH KaK aN: H, me N - HOMep napaMeTpa n H -
HOMepqmmpyet.WH rneTOrpaMMhl, K KOTOpOH napaMeTP OTHOeHTe.!l, HanpHMep: 

• aS:1=aS:2; 

• a3:1+a7:1=0~1S, 
a3: 2+a7: 2=0. 09. 

_.j 

}lriH ynpmueHH.!I BBe)leHH.!I Ha6opa ypaBHCHHH, OTJlllqaiOIUHXe.!l TOJlhKO HOMepaMH rn
eTorpaMM, npenyeMoTpeHa B03MOJKHOeTh YKa3aHHH napat.teTpa 6e3 HOMepa rneTorpaMMhl. 
YpanueHHe, eonepJKamee TaKoii napaMeTP, · 6yneT npeo6pa3oBaHo n ueeK011hKO ypanHe
HHH, n KOTOphiX OllYIUeHHhiH HOMep rneTOrpaMMhl npo6eJKHT Bee B03MO:lKHhie 3HaqeHH.!I, 
uanpuMep: 

e )lJUI Tpex o6pa6aTbiBaCMhiX rHCTOrpaMM 

'{ a9: 1=0. S*aS: 1, 
a9=0. S*aS =' a9: 2=0. S*aS: 2, 

a9:3=0.S*aS:3; 

• MH qeTLipex o6pa6aTLIBaeMhiX rneTorpaMM 

{ 

aS: 1=aS: 2, 
aS:1=aS = aS:1=aS:3, 

aS: 1=aS: 4. 

B pe3yJJLTaTe peweHHH 3a)laHHOH eueTeMhi ypannenuii nonrouoqHhle napaMeTPhi a 
MOJleJihHOH cpyuKuun BhipaJKaiOTeH qepe3 nHYTpeHHHe He3anueHMhie napaMeTPhi b: 

ai = L cijbj + Di. 
j 

IlpH 3TOM OWH6KH napat.teTpOB BhlqUeJl.!IIOTC.!I B CJle)lYJOIUeM npH6JJHJKeHHH: 

c5ai = .I'L:<Ciiobi)2
• 

j 

Mon:e.TI~>H~>Ie TeopeTWiecKue t:)JyuK~uu 

BLI6op MOJleJihHOH TeopeTuqeeKoii cpyuKUHH Jlll.!l o6pa6oTKH rneTorpaMMhi oeYIUCCTBllH
eTeH nYTeM YKa3amrn KJJIOqa o6pa6oTKII. KJJIOq o6pa6oTKH npeneTaBJl.!leT co6oii eTPOKy, 
KOTopa.~~ COCTOHT 113 JlByx noneii: nepnoe- onpeneJIHeT o6mnii nl!Jl cp11THpyeMoii cpyuK
unu,. BTOpoe - Tlfll 3JJeMeHTOB cpHTUpyel\fOH cpyuKUHII. 

6 
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;\ 
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He nepeqi!CJJHH neex no3MO:lKHhiX napuanmn cpuTnpyeMoii q,yuiium, npnneneM Tom;: 
KO nne Han6onee yunnepeaJihHhie MOJleJihHhle cpyumnu: 

BG + Ne-~ (1-i- L~(t))+ N'L:bieos(wit + r,t'i); 
i ~ -

BG + L Nie -* (1 + P.;(t)) + L bi eos(wit + r,oi) .. 
i. 

3m cpyuKUIIII npeJlHa3HaqeHhl JlJUI_ o6pa60TKII JL+SR II JL-SR-eneKTPOn COOTne:reTneHHO 
II MOryr eonepJKaTh npOI13BOJJhHOe qiiCJlO 3JJCMCHTOn, · orpaHiftiCHHOe TOJJbKO n03MO:lKHbiM 
KOJliiqeCTnOM llOJlfOHOqHhiX napaMCTPOn. . 

CJiaraeMhie Tllna b cos( wt + r,o) nenOJJh3YJOieH JlJUI onueaHIIH npeMeHHOH eTPYKTyphl 
MIOOHHOro nyqKa II cpaKTnqeeKH .!IBJJ.!IIOTe.!l 3anneHIUeH OT npeMeHII i:mCThlO. cp(ma. 

Ha6op B03MOJKHhiX CJlaraeMhiX Pi(t) ciJYHKUHH noJJHpH3aun:n: nKJJIOqaeT Bce6.11 (n:H-
neKe i y nap'aMeTpon OIIYIUe~) . - . 

• a; 

• a exp( -,\t)<l>(t); 

• a exp( -(at)2)<l>(t);. ; 

• a 0 + ~(1 - (at)2
) exp (-~)) <l>(t); 

,_ .. 

' . 
• a exp( -(at)6)<l>(t); 'i' 

• a0+~(1-.At)e~p(-.At))<I>(t); 
i·· 

,?' 

• a exp ( -;-~(exp(:-.Xt) - 1 +.At)) <l>(t!; 

• 'a exp( -(at)2) e}q)( -'At)<l>(t); 

• a(~+ ~(1 - (at)2) exp ( -~)) exp( -Xt)<l>(t); 

• a 0 + ~ exp ( -~) ( cos(wt+ r,o) _:_ u~t sin(wt +r,o) ), 

rne 
· <l>{t) = { cos(wt + r,o) . 

· Jo(wt + r,o) ·· 

KaJKJlhlii 3JJeMeHT MonenLHoii · cpyuKUUn: lienonh3yei enoe, HenepeeeKaiOmeee~ c npy
rnMu 3JJeMeHTat.~~~; no.uMHoJKeeTiJO rionroHo.;mhu napaMeTPon: . Koma -q)e6yeTeH o6o6~· 
mecrnllTh HeKoTopLiii napaMCTP Ha HecKOJJhKo 3JJeMenTon, Heo6xoJliiMO 'nenoJJh3onaTh 
ypaBHeHIIH en.!l311 MC:lK.lzy napaMCTPaMH. 

· Xon1 .u;o6aBJleHne Honoii MOJleJihHOH <l>YHKUIIH B nporpaMMy MuonFit TPe6yeT MOJJ;II
cpnKaUIIH KOJla II nepeTPaHCJJHUHII nporpaMMLI, e;:r;enaTh 3TO • OTHOei!TeJlhHO HeCJlO:lKHO, 
llOeKOJJhKY nee ll3MeHCHII.!I 6YJlYT JJOKaJIII30naiihl B OJlHOM nporpitMMHOM MOJlY1Ie. 
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Cnoco6bl o6pa6oTKH 

ITporpaMMa MuonFit no.Imep:xmnaeT HeCKOJibKO cnoco6on tlJopMnponaHIDI · Ha6opa o6-

pa6aTbiBaeMbiX lllCTOrpaMM H Bbi30Ba npoue.eypbl tlJHTHpOBaHIDI. 

• I1poue.eypa "Fit" BblllOJIIDieT <PnTnponaHne 3a.rtaHHbiX rncTorpaMM, npHHa.rtJie)l(a

mnx o~HOM)' cneKTpy. 

• ITpoue~ypa "Batch" BblllOJIIDieT nocne~oBaTeJibHbiH Bbi30B npoue~ypbi "Fit" no 

3a.z:taHHOM)' CllHCKY o6pa6aTbiBaeMbiX~ClleKT}JOB. 

• ITpoue.eypa "Sum fit" BblllOJIIDieT <Pnmponamie Ha6opa . rncTorpaMM, KOTOpbiH 

noJI)"'aeTcs: nYTeM norncTorpaMMHoro CYMMHponaHIDI ncex cneKT}JOB, nepe•m

cneHHbiX B CllHCKe ,wlll o6pa60TKH. 

• ITpoueaYI>a "Combine" BblllOJIIDieT .<PnmponaHne Ha6opa rncTorpaMM, KOTOpbiH 

tlJopMnpyeTCH H3 I11CTOrpaMM BCeX cneKTpOB, nepe•IHCJieHHbiX B CllHCKe WIH o6-
pa60TKH. . 

• I1poue.eypa "Fit again" B0306HoBJI}leT <PnTnponaHne Ha6opa rncTorpaMM, no~

roToBJieHHoro npe~bmyii.{HM Bbi30BOM npoue.eypbi "Fit", "Batch", "Sum fit" mm 

"Combine". I1pH 3TOM He BblllOJIIDIIOTCSI ~eHCTBIDI, OllHCaHHbie B CeKI.{HU "I1o~
I'OTOBKa K <PnTnponaHniO". 

Ecnn. npoueeype <PnmpoBaHIDI nepe~aeTcSI WIH o6pa6oTKH 6orree o~Hoii rncTo

rpaMMbi, TO BblllOJIIDieTCSI COBMeCTHaSI o6pa6oTKa BCeX I11CTOrp~, 1Ipll 3TOM K~aSI 
lllCTOipaMMa OIIHCbiBaeTCH CBOHM He3aBHCHMbiM Ha6opOM IIO~I'OHOqHbiX napaMeTpOB. 

I1pn Heo6xo~HMOCTH o6o6meCTBHTb HeKOTOpbiH mipaMeTp Hi HeCKOJibKO tlJnmpyeMbiX 

lllCTOrpaMM H~HO IICIIOJib30BaTb ypaBHeHIDI CBSI3ll Me~ napaMeTpaMH. 

I1poue.eypa <PmnponaHIDI no3BOJISieT nocne~onaTeJibHO o6pa60TaTI; no~roToBJieHHhiH 
Ha6op lllCTOrpaMM HeCKOJibKHMH tlJyHKI.{HSIMH tlJHTHpOBaiiHSI (~0 4) C pa3HbiM _qHCJIOM 

o6pa6aTbiBaeMbiX KaHaJIOB ~0 2 BapHaHTOB). 

KoHTpOJIL pe3yJILTaTOB o6pa6oTKH . 

3aKJIIOqeHne 0 COOTBeTCTBHH MO~eJibHOH tlJYifKI.{HH 3KCI1epHMeHTaJibHbiM ~aHHbiM H 0 

npaBHJibHOCTll Onpe~eneHilll IIO~I'OH01.jHbiX napaMeT}JOB ~enaeTCSI Ha OCHOBe cpaBHeHHSI 

nonyqeHHOro 3Ifaqenilll x2 c BeJill1.jHHOH KBaHTHJISI xj,(m) pacnpe~erreHHSI x2(m), a 

TaK)f(e llYTeM BH3YaJibHOro KOHTpOJISI CJie~II.{HX 3aBHCHMOCTeii: 3KCI1epnMeHTaJibHOH 

ll TeopemqecKOH tlJYifKI.{HH IIOJISipH3ai.{HH (puc. 2), OTKJIOHeHilll 3KCI1epnMeHTaJibHOH. 

tlJYifKUHH llOJISipH3ai.{Hlj' OT TeopeTnqecKOH tlJYifKI.{HH IIOJISipll3ai.{HH, BeJill1.jlllfbl 

Yk- fk. 
Uk = VYk 
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Puc. 2. 3KcnepnMeHTaJibHaSI H TeopeTHqecKaSI <PYHKUHH ,nonHpmaunn P(t) 

ITo~ 3KCI1epnMeHTaJibHOH tlJYHKUHeii IIOJISipHJai.{HH IIOHUMaeTCSI ' 

P;xp = Yk- BG 

Ne-* ' ".!', 

r~e 3Ha'leHilll BG, N n T 6epYTCJI m TeopemqecKoii 3aBHCHMOCTn. 3~ecb BG = BG(t)· 
BKJIIOqaeT B ce6SI B TOM qncrre II 3aBiiCSIIUYIO OT BpeMeHH 'laCTb tlJoHa. 

B crryqae tlJnmponannSI ~aHHbiX MO~eJibHOii <PYHKUneii, co~ep)f(ameii He.CKOJibi<;O 
KOMIIOHeHTOB 

Nie-*(l +P;(t)), 

Tpe6yeTCSI YKaJaTb, napru.teTpbl KaKOro KOMllOHeHTa ,ll.OJI)f(Hbl lfCllOJib30BaTbCSI npll IIO

CTpOeHHH 3aBUCllMOCTeii, IlpH 3TOM OCTaJibHbie KOMIIOHeHTbl MOJleJibHOH tlJYifKUHJI 6y~YT 
paccMaTpnB~TbCSI KaK qacTb <Pona BG. 

lllopMaT BhiXO)J.HbiX ,lJ.aHHDIX 

HaiiueHHb!e B peJynbTaTe <PnTHponannJI JHaqeHnli no~roHO'IHbiX napa\teTpon, nony-., ~ .- ' ' . 

qeHHOe 3Ha'leHue X-, KJIIOq o6pa60TKU, HOMepa CIIeKTpa H rtiCTOrpaMMbl, HeKOTOpaSI 

,ll.OllOJIHHTeJibHaSI llHCpOpMllUlHI 0 CIIeKT}Je ll o6pa60TKe .3aiiUCbiB310TC.ll B tlJaifll. pe3yJib

TaTOB. ¢opMaT tlJaiiJia pe3yJihTaTOB __: 6uHapHb!H. .[lnSI pa60Tbl C tlJaiflloM pe3yJihTaToB· 

narmcan ri~6op YTHJIHT, ocno~Hbie m KOTOpbiX- ListPar, APtPlot H GShowPar. 
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DporpaMMa ListPar npe.rlHa:ma'leHa JlTill npocMOTpa n BbiBOJla ua ne'laTb pe3yJibTaToB 

o6pa6on::11. <llopMaT npeJlCTaBJieHIIll )laHHbiX - Ta6mt'IHbiH. DporpaM~m noJlJlep)((HBaeT · 

BbiBOJl B Bll)le 06bJ'IHOro TeKCTa, a TaK)((e Ha MaTpH'IHbie npHHTepbl Epson, Jia3epHbie 

npiiHTepbi Hewlett-Packard n ua PostScript-yc'TpoiicTBa. · 

DporpaMMa APtPlot no3BOJilleT ocymeCTBJiliTb npocMOTP 11 BbiBOJl ua ne'laTb 3aBHCII

MOCTeii, nepe'IHCJieHHbiX B npeJlbiJlymeii CeKUHH. TiporpaMMa HCllOJib3YeT )lTill nocTpo

eHllll rpacpnKoB naKeT Gnuplot, KCJTOpbiH noJl)lep)((HBaeT 6oJihlliOH ua6op npnHTepoB 

n rpacpll'lecKnx cpopMaTOB. YnuinTa · APtPlot · nmBOJillef TaK)((e cm)laBaTb MeTa-cpaiiJI 

JlTill pa6oTbi c naKeTOM Grapher u, TaKnM o6pa30M, nOJIY'JaTbpucyuKn, npnroJlHbie JlTill 

UCll0Jib30BaHHll Henocpe)lCTBeHHO B CTaTbliX •. J 

DporpaMMa GShowPar npeJlHa3Ha'leHa JlTill noc'TpoeHHll 3aBncnMOCTeii no)lroHO'IHbiX 

napaMe'TpOB OT TeMnepaTyphi n BeJIH'IHHbi MarnnTHoro nonll. KaK n B YTliJIHTe APtPlot, 
ncnoJih30BaH naKeT Gnuplot n peamiJoBaHa B03MO)((HOCTb C03JlaHnll MeTa-cpaiiJia JlTill 

naKeTa Grapher. · 
Bee nepe'IHCJieHHbie nporpaMMbl HMeiOT npoCTOH yHHcpHUHpOBaHHbiH HHTepcpeifc. 

Ka)((Jlal! YTliJIHTa COJlep)((HT KpaTKOe BCTpoeuuoe onncaune ee napaM~OB n cpopM11Ta 

nx 3a)laHllll. HacTpoe'IHbie napaMe'Tpbi (B TOM 'IHCJie )lJill nporpaMMbi MuonFit) Moryr 

6b!Tb 3a)laHbl liJIH B KOMaH)lHOH CTpOKe, liJIH llYTeM ycTaHOBim nepeMeHHOH OKp~eHHll, 

O)lHOHMeHHOH COOTBeTCTBYJOIUeif nporpaMMe. 

34J«lJeKTHBHOCTb n:porpaMMbl 

H:cnOJib30BaHHbiH anropHTM MHHHMH3aUHH X2 H aHaJIHTH'IeCKOe Bbi'IHCJieHHe npOH3BOJl

HbiX MO)leJibHOH cpyHKUHH no napaMC'TpaM, o6ecne'IHBaJOT. BbiCOKYJO CKOpOCTb pa60Tbl 

nporpaMMbi MuonFit. TaK, npn o6pa6on::e OJlHOii rncTOrpaMMhi JlTIIIHOii 1600 KaHaJIOB 

npocTeiillieii MOJleJibHOH cpyHKUHeii 

. t 

BG +Ne-;:;;(1 + aexp(-,>.t)cos(wt + cp)) 

Ha OJlHY IITepaUHIO Tpe6yeTcll' 

• Ha npoueccope 80386SX-25 + 80387 rv 2 c; 

• Ha npoueccope Pentium~IOO ,.;, 0.1 c. 

Heo6XOJlliMOe 'IHCJIO HTepaUHH onpe)leJiliCTCll TaKIIMII cpaKTOpaMH, KaK Bl!Jl MO)leJih~ 

HOH cpyHKUHII II 6JIH30CTb Ha'laJibHbiX BeJIII'IHH llO)lfOHO'IHbiX napaMC'fPOB K OllliiMaJih

HbiM. B cpeJlHeM -rpe6yeTcll 3-10 IITepauiiii. 

OrpauuqeuiDI u anpo6a~IDI 

TiporpaMMa MuonFit pa6oTaeT ua IBM PC COBMeCTHMOM KOMllbJOTepe (ue HH)((e qeM 

PC AT) no)l ynpaBJieuneM onepaunouuoii CIICTCMbi MS DOS Bepciin 5.0 IIJIII 6onee 
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n03JlHeii. )KenaTe.r:ibHO HaJIH'llle MaTeMaTH'IecKoro conpoueccopa . .Tpe6yeMbiii BH)leo

mamep ...:.....: EGA HJIII VGA . .llnll pa6oTbl rrporpaMMbl ueo6xomtMO 500 K6 ·6a30BOH. 
naMl!TH n 1 M6 EMS-naMliTH. 

MaKCHMaJibHal! wmmi o6pa6aTbJBaeMOH. rncTOrpaMl\lbl - 8192 KaHana. MaKCHMaJib

HOe 'IIICJio OJlHOBpeMeHHO o6pa6aTbiBaeMbiX mcTorpaMM - 8. CYMMapuoe (no BCCM . 

cpHTHpyeMbiM niCTOrpaMMaM). 'IHCJIO napaMeTpOB - ,'lO lQQ, CpC.UH HHX BapbnpyeMblX 
He3aBncm.t'w( napaMeTpOB. - no 50, Ma~CIIMaJibHOe 'IIICJIO llO)lfOHO'IHbiX napaMeTpOB 
MO,UeJibHOH cpyHKUHll - 30. 

DporpaMMa MuonFit HcnoJib30Banacb JlTill o6pa6oTKH 3KcnepuMeuTaribHHX )laHHbiX, 

nOJIY'JeHHbiX ua cpa3oTpoue JUin OIUII1 H Me30HHoii cpa6pnKe PSI (lllBeiiuapnll). 

DporpaMMa MuonFit, conYTCTBYJOIUHe )'THJIIlTbi H ucTO'IHl!KH JlOcryllHhi '1epe3 anony-
mous ftp no CU~pecy: moonhe.jinr.dubna.su:/pub/pc/musoft . . 

B 3aKJIIO'leHHe llBTOpbl C'IHTaiOT c8oi1M npHliTHbiM nonroM Bbipa3HTb 6JJaro)lapHOCTb 

. A.H. DmioMapeBy, 'lbll nporpaMMa o6pa6oTKII p.SR~cneKTpoB MUON 6hiJia nonmKeHa 

B ocuoBy nporpaMMhi MuonFit, H.fl. qannhlrnuy- 3a npeJlOCTaBJieHHYJO rpacp'n'leCKYJO 

6H6Jil!OTeKy, H.A. KpnBOllJCeBy H B.C.'Kyp6aTOBY- 3a UCIIHble 3aMe'laHIUI II COBCTbl. 
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