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Bse~eHHe 

,Jl>x~ npoBeAeHIIH I~CCJICA~B~HIIH Mexa~m3Ma HAepkhlx pea.Kriiiii nim perrHTHBIICTCKUX 

;meprii.ax Ha ny'!Kax '!aCTIID; CIIHXpo<J>aaoTpoHa OlUill n:cnorrb:.JyeTc.a AByxnrre'!eaoii 

MarHIITHhiH cneKTpoMeTp MACITllK [1]. C~eA~HIIH o-6 IIccireAYeMhiX npon;eccax n::.J-· 

BliCKaiOTCH ll3 HMllYllbCHhiX CllCKTpOB BTOpii'IHhiX '!aCTIIIl;, KOTOpbie AOll)l(Hbl 6biTb 

ll3MepeHbl H BOCCTaHOBliCHhi C · BbiCOKOll · TO'IHOCTblO. ,I{rr.a OllpCACliCHIIH HMllYllbCOB 

3apH)l(CHHhiX '!aCTHil; B ycTaHOBKC liCllOll?3YIOTCH CllCKTpOMCTpii'ICCKHC MarHHThi H 

-nposorro'!Hhle KaMepbi. B HaCTOHLLJ;eii pa6oTe paccMoTpeHir arrropiiTMhi BOCCTaHO­

BliCHIIH liMllYllbCOB BTOpii'IHhiX ·'!aCTIID;, periiCTpn:pyeMhiX _B OCHOBHOM llliC'IC CllCK-

TpOMeTpa' l. . • . 

1 8KcnepHM€HT 

CxeMa <JKcnepn:MeHTaJibHOH ycTaHOBKII npHBCACHa Ha piic. 1. 

~oeo.a· nEPBiolllHoro· 

Pn:c. 1. CxeMa cneKTpoMeTpa MACITllK: T ~ MIIWeHb, M ·- MOHIITophi ny'!Ka, 

Ml, M2, M3 - MarHIIThi, CO-;- C7 -· cn;n:HTllllliHD;IIOHHhie c'!eT'!IIKn, Kl-;- K19 · npo­

nopn;n:oHarrbHhle KaMepbi. 

B Ka'ICCTBe aHarrmJ.HpYIO~ero MarHHTa B OCHOBHOM nrre'!e cneKTpOMeTpa
2 

_IIC-

1KpaTKOe H3JIO)Kenue paccMaTpuaaeMbiX a pa6oTe anropHTMPB 61>1no npuBeAeHo panee B _cTaThe. 
[2]. ' 

2MarHHT M2 na puc.l." 
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norrb3yeTCJI arreKTpoMarHIIT CII12A, no3BOJUIIOIIJ.llH OTKJIOHHTh OIJ;H03apH)l;Hhle qa­

CT~hl c nMnynhCOM 10 raB/c Ha yron:::::: 10°. CncTeMa npOBOJIO'!Hhl;. KaMep o6ec­

ne'IIIBaeT B03MOJKHOCTh ll3MepeHIIH yrnoB OTKnOHeHIIil II npoeTpaHCTBeHHhlX TpaeK­

TOpllll periiCTpupyeMhlX '!aeTIIIJ; C OTHOCIITenhHOH TO'IHOeThiD (0, 1-:-0, 2)% [2]. ,I(rrz 

TOrO, '!T06bl B 3TIIX ycnoBIIHX onpegeJUITh IIMnyrrhehl geTeKTIIpyeMhiX '!aCTlllJ; C Bhl· 

coKoii TO'IHOCThiO (:::::: 0, 2-:-0,3% ), Heo6xognMo ;:maRne UHTerpana IIHAYKIJ;UII MarHnT­

H~ro noJUI3 B)J;Ollh ee TpaeKTOpHII C MaKCIIMallh~O B03~0lKHOll TO'IHOcThlO:::::: 0,.1%; a 

TaKJKe npnMeHenne acpcpeKTnBHhlX4 anropuTMOB soecTaHOBJieHHH nMnyrr~ca. 

2. Orrpep;eneHHe HM~YJibc.oB BTOP:U:'9:HbiX qacTHU 

liMnyrrhc BTOpn<IHOH Gapz)Ke:HHoii qacTIIIJ;hl BoccTai!aBlliiBanen no n::lM:e:rzeMhiM Iia · 

onhiTe BeJIH'lliHaM: 

•- HanpaBneHniO. ee )l;Bll)KeHnil go nonagaHnil B. MarHnTHoe none, 

• MecTy Bxoga B none , 

e yrrry OTKnOHeHHH qaeTUIJ;hl noneM. MarHHTa; 

Yron OTKJIOHeHnil '{J onpegerrnncn rmK yron Me)KAY npnMhiMH, annpoKcuMnpy_-

• IOID;UMU TpeKn '!aCTUD;hl, naperncTpnpoBaHHhle.BXOIJ;HhlM U BhiXO)l;HhiM cerMeHTaMU 

npoBorro'!HhlX KaMep oeHOBHoro nne'! a cneKTpoMeTpa'( eM: pH c. 1): --· 

2.1 Ilpu6mnKeH:u'e OAHOPOAHoro MarHHTHoro rrom1 

B rrpu6nl!)KeHUU OIJ;HOpogHoro MarHHTHOro nonil HMnynhe. p Bhi~Il!<'JI!Inc!I no' cpopMyne 

c 
p= ~ ' . 

'P 

I'ge KOHCTaHTa' c onpegennmich ·3apa.Hee nyTeM. 'IHcneHHoro· HIITeqjnpoBaHII!I TpaeK­

Topui! qacTHIJ; B n3BeCTHOM ~~rHnTHOM none: 8ToT. MeTog'noGBo~"im BoccTalia~nii­
BaTh U:Mnyrrhchr c TO~H~eT~IO ~ 0, 5% (eM: p~~-2) 1I ri~norrh3oBaJrcn ·:rrpii iJ6pa6oTKe 

eneKTpoMeTpn<IecKoii nHcl>op:Maqnn B pearrhHOM BpeMeHn aKcnepnMeHTa. ' 

: OgHaKo noeKonhKY m.nryrrheHoe panpellleHne cneKTp6MeTpa no3Bonzno. Bhl'Ill­

err~Th IIMnyrrhc'c: 6om~e Bhiemwii TO~HOCTblO: TO npn eTaTneTH'~eCKOH o6pa6one 

aKenepi~MeiiTanhHhlX.IJ:aHHhrx HMnynhthr qacTHIJ; onpegen.llnHch c noMml.ihro cl>YHKIJ;HH, 
- . ' . . ' ' . . 

Y'IHThiBaiOIIJ.ei! npoeTpaHcTBeHHyro HeogHopogHOCTh MarHHTHoro non.11. 

3 C 3TOif ~eJibiO 6b1JUI BhlllOJIHeHbJ H::JMepelilUI nporTpaHCTUeHIIOrO parnpeAt'JleiHUf Mai'IIIITIIOro 

noJUI :meKTpoMarHHTa Clll:!A; no)\po6Ho on'ncamJWP u pa6o·ip [:1]. 
4 llo TO~:IHOCTll BOCCTaHOBJl_eHH.H llMllYJibCa.H ~~opoc_TU llbJ."--.llC~lelUii:l • 
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PHc_:_ 2. ThcTorpaMMa, xapaKTepH3YIOIIJ.aJI TO'IHOCTh Bhl'!ncneHHH HMIIJilhCOB B npH- _ 

6JIH)KeHIIH OIJ;HOpOIJ;HOrO ITOllil 

2.2 Pamio)l(e~~e B PJIA no rron:HHoMaryi "9:e6blrnen·a 

B . crryqae HeogHOP()IJ:Horo MarHnTHoro. noJUI B'enu~ni~a yrria '{J HBrrHeTcH cl>YHKIJ;neil 

uMnyrrhca; HanpaBrreHriH H MecTa Bxoga '!aCTUIJ;hl B MarHIITHoe none 

cp = <P(Xt, }'i; X.2, Y2,P ), (1) 

rge (Xt, Yi,Z1) n (X2, Y2, Z2)- TO'IKU B npocTpaHeT~e, n~AaiO~ne npi!MonJIHeiinyio 

TpaeKTOpiiiO qaeTHIJ;hl C nMnyrrheOM p nepeg BXOIJ;OM B MarHliTHOe none . 

Heo6xoAxiMo noeTpoHTh o6paTHYIO eil cpy~:Kzimo 

p = p(Xt, Jli,X2, Y2;<p), (2) 



n03BOJUliOIIzyiO BOCCTaHaBliHBaTb HMnJllbCbl perHCTp~pyeMbiX 'laCTH~. Ilp'o~ep;ypa 
nocTpOeHIDI. <lJYHK~HH (2) COCTOJilla B cnep;yro~eM (3): 

. . 

1. 'Iepro IIDBCCTHOC MarHHTHOe nolle nyTeM 'IHCJICHHOrO HHTerpHpOBaHHJI npOBO~ 

)J;HTCJI onpep;eJieHliOe KOliH'leCTBO <lJHKCHpOBaHHbiX TpaeKTOpHH H <lJopMnpyeTCJI 

COOTBCTCTBYIO~HH liM Ha6op yrliOB OTKJIOHCHIIH ( 1'); 

2. nony'leHHbiH Ha6op yrnOB ncnollb3YCTCJI )l;JIJI nocTpoeHIIJI HCKOMOH <lJyHK~HII 
~)- -

B HallleM cny'!ae KalK)l;a!I TpaeKToprur onpep;enJIJiach nJIThiO cny•mi"IHbiMll Bemr-

'll!HaMII: ._,; 

1. (x1 = X~o x 2 = Yi}- Koopp;nHaTbl TO'IKII BbiJieTa '!aCTII~hi II3 MIUlleHHj 

2. X3 = X2 - X- KOOp)l;HHaTa TO'IKII nepeCe'leHIDI 'laCTII~eH mi:ocKOCTII nOCJIC)l;HCH . 

KaMepbi 1-ro cerMeHTa npOBOJIO'IHbiX KaMep B OCHOBHOM nJie'le CIICKTpOMeTpa; 

· 3. X 4 = Y2 - y-KOOpp;HHaTa TpaeKTOpHH 'laCTH~bl Ha BbiXO):l;(' H3 MarHHTHOro IIOliJii 

4. Xs = 1/(p ·c), p- liMIIJllbC '!aCTll~bl, C - CKOpOCTI~ CBeTa. 

06mlHa'liiM '!epe3 [A;, B;) o6nacTb li:JMeHeHHJI i- ii BeJIII'IIIHbl: 1 

HopMnpyeM KaJKp;yiO nepeMeHHJIO K liH'I'epBany [_:_1, 1) 

. 2X;-' A;- B;· 
g; = 

B;-A; 

1,2,· ... ,5. 

li Bbl6epeM )J;HCKpeTHOC 'IHCJIO :JHa'leHHH cor nacHO pacppep;eneHHIO .'Je6bllllCBa: 

g; '=' g(a;) =cos (2a;- 1)7r 
2N; 

a;=1, ... ,N;, i=1, ... ,5. (3) 

BenH'IHHhi N 1 , N 2 , N3, N 4 , N5 nop;6HpaiOTCll ucxop;5! H3 Tpe6yel,wii To'IHoCTH Bhi'Il!­

cneHHll HMIIJllbCa <lMIIHpH'ICCKliM rryTeM. 

Bbr6paHHbiH BapnaHT pa36neHHJI rrepeMeHHhiX orrpei:\~nJieT Ha6op <lJIIKCIIpoBaH­

HhiX TpaeKTOpHH Ha BXOp;e B MarHIITHOe nolle B KOJIII'lCCTBe, paBHOM npOII3BC)J;CHHIO 

m=l N;. 8TH 'i-paeKTopim rrpoBO)l;!ITCll '!epe3 3ap;_aHHOe MarHIITHOC no!le rryTeM 'lH­

CJICHHOro IlHTerpnpoBaHHJI~ H Bbl'lllCll.!ICTCll COOTBCTCTBYIO~Hll liM Ha6op yrn(m OT­

KJIOHCHHJI <p(x1 ;x2,X3,X4,X5)•. 

Onpep;enHB rrpep;e.llbl HoMeHeHrur_,yrnoB OTKJIOHemw:. [A6, Bs] n rrpnBep;H.m{. K 

IlHTepBany (-1,1]: 
. 2cp- A6-:- B6 

. . ~= ~-~ 
ITO aHaJIOrllii C (3),· Bhl6npaeTCJI )l;llCKpeTHO·e 'IIICJIO :JHa'leHIIH_g6: 

· ·· (2us- 1)1r 
g6=g(as)=cos. . , 
, 2Ns 

u6 = 1,.:.,Ns,· ·Ns :S Ns. 

5,ll;nH :noro ncnonb30Ba.JICH •teTOI\ Pynre-KyT'"I:a. 
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-. Yp;o6Ho B::lJITb Ns ~ N 5, ·-T~C KaK <>To o6ecne•mBaeT nim6rrmKeHIIIi ;:ma•reH;Iii IIM· 

. nyllbCa KaK <lJyHK~HII yrliOB OTKliOHCHIIII• nC. MCTop;y ·HaiiMCHbllliiX KBap;paTOB [3). 
IfcnoJib3YJI Bbi'l!lcJieHHbili MacciiB yrnoB OTKJIOHeHnii )l;JIJI Ka:,t;p;oro Ha6opa nepe­

MeHHhiX x;,x2 ,x3 ,x4 (Bcero ITJ=1 Ni Ha6opoB), MOlKHO patino:,t;HTh p; = x~ no opToro-
HaJibHbiM MHoro•meHaM6: · 

p; =;= biJlJ(d;) + b2jl1(d;) + ... + b,.ll,.(d;), · d;:: '{);, i = 1. ... ,1\"5; 

{LJ (d;), ... , /lu( J;) llpToroHcUlbHble :l.!Horo'!JICHbl Ha MHO:-KeCTBe JJ. d1 , •· •• , d,.y
6

: 

8TII ~IHoro'IJICHbl <"TpOJITC!I Cllt'::\j"lOllliiM of>pa:JoM:. 

/l!(d;) = d;; /ll(d;) = (d; -'}I}ftJ{d,): 

I 21 [ 2 ' (/liP2 = [d;p! - 1'1 llt) = 0; 

[d;llil [d[) 
11 = [ll?l = [df); 

3p;ecb BBep;eHo o6o3Ha'leHIIe:L, a;b; = [ab]. 

/ 

(4) 

PeKyppeHTHoe cooTHollleHIH'- p;nH Bbl'liiCJit'HIIJI MHoro•meHoB cTerieHn J.- > 3 
liMCt'T Blip; 

PH2 = ({{; -1k+tlltk+l- dk/tk· 1.· = 1.2,.... (5) 
.... - ~ -

Koa<lJ<Pu~HeHTbi l'k+I I! ilk MmKIIO 'neno rrciny'!IITbU3 cuoTHOlll-eHiiH ( 5 ), Bt>cnonhao: 

BaBllll!Cb OpTOrOHaJibHOCTblO MHUrO'lJICHOB: 

)k+l 
[dlli+l]; 

[Pi+!) 

McrroJib3YJI opTur(maJibHOCTb MHoru•meHoB: impep;errmt na p=nu;.KeHmi ( --1) Ko<><P<Pii'­

~HeHTbi bj: 
- .y, 

t pk/lj(dk) 
b·- k=l -
J- N, 

. :L P](dk) 
k:o! 

Ilop;cTaBJI.!I.!I B ( 4) 3Ha'ICHH.!I yrJIOB OTKliOHCHIIH, OTBC'laiO~HX pacrrpep;eJICHIIIO 

'le6blllleBa, rrony'lnM MaccHB HOpMnpoBaHHbiX IIMirJJibcim g5 paoMepHOCTbiO, ,paBHoii 
··., . • .' \ 5 ,. i . • . . ' 

rrpmmBep;eHIIIO fl;= 1 N;. . . .. , . . • '· · · · 
· . ··· McnoJibayeM :noT. M~ccnB )J;JIJI rrucTp~eHII.!I IICKm.mil <l>YHK~mi. ,ILnll :.lToro Bcic­

nonJ>ayeM~.!I IIOJIIlHOMaMl~ '9:e6bllllt'Ba, o6paoyio~I1MII opToroHaJibHhiii Ha6op (4): 

_LTi(Xn)Tk(X,.) = bik · con;;t. 
() 

~.PaccMaTPnuaeMaH UJJ,ecb upoi~t'.l~ypa Bl.l~mr;aeun~ Marcnua uoPMnpouaHIIIJX IIMny:u.rouunto;u.ao­
Da.Jia::::h Hi:\.Mll U Te'I.;IIIIP J}.JlllTt'Jit.:.IIOrt) Bpt'Mt"llll, ,IIO;.JTUJ\1)". Mbl IJUf'"IIITi:\.JIII llt'~t6xu;U1Mhll\l ll~;.'llllh.IITi, ._.(_~ 
flOJ\p06HO. 0}.\HaKO AJUI IIOJIY'H•IIIJH )'il:t-\.:13)1ithiX IIMII_yJu.n.m I\10AI:IIO BOl'lllXII~IOBal't.CH fhl .. ~'t' IIJIU.l"l"l>l~l 
a.JlropHTMOM, npnueJJ.t~HIIhiM u npiiJIO:.-Kt-'111111. • . 



ecnn' 
X (2a- 1)7r 

"=cos _ 2N , a= 1, .. ,;N: 

Ilpep;CTa.BliM 95 B Bllp;e 

95 = L C;jklm1i(9r}Tj(9z)Tk(9~)11(94)Tm(Y6) (6) 
'ijklm 

,i = O, ... ,N1 -1;j =:=O, ... ,Nz -1;k = O, ... ,N3 --:-1;1 = O, ... ,N4-l;m = O, ... ,N6 ,-:- L 

Ilpn :lTOM Ko:l<f><f>~neHTbi C;jklm nerKo Bbi"lliCJI.HIOTC.H; ecnn yqecTb opToroHaJibHOCTb 

llOJiliHOMOB "9:e6biiileBa: '.J 

, L 95"•">"J"•"•T;(9t)Tj(9z)Tk(93)11(94)Tm(96) c O'J0'20JO't0'6 · 

ijklm = (L 1i(9t))2(LTj(gz))2(LTk(93))2(L Tz(94))2(L T.n(96))2 
0'1 02 ' 03· 04 06 

ai = 1, ... Nr; a2= 1, ... Nz; a3 =1, ... N3; a4 = 1, ... N4; a6 = 1, ... N6. 

IlOJiliHOMbi "9:e6biiileBa BbiCOKliX CTeneHeH onpep;eli.HIOT<".H IIiJ pe,KyppeHTHOl'O CO-

, OTHOIIleHII.H: 
Tn+r(X)- 2X · Tn(X) + Tn-r(X) = 0, n 2: 1; 

npii GT?M cnep;yeT yqecTb, "'TO T0(X) = 1, a T1(X) =X. 

2.3 AnnpoKCHMa~H.H npoCTbiMH noJIHHoMaMH, 

IlpiiBep;eHHbiH BbiWe. MeTOp; Il03BOJI.HeT Bbi"lli~JI.HTb IIMnyJibCbi pel'IICTpiipyeMbiX "la­

CT:IIIJ; c T9"1HOCTbiO,He xyp;uieii 0,1% ( CM. HIIJKe f Op;HaKO ero rrpiiMeHeHIIe orpaHII"leHo 

- o6nacTbiO IIGMeHeHlt.H rrepeMeHHbiX 9t. 92, g3, 94, 96. KpoMe Toro, p;n.H p;ocTII)KeHII.H Ta­

Koii TO"lHOCTII 'H:eo6xop;IIMO 6onbwoe -.liicno Ko:l<f><f>~u;IIeHTUB p~noJKeHII.H Ciikln" "'TO 

npiiBOp;IIT K CyliJ;eCTBeHHbiM GaTpaTaM BpeMeHII IIpii MacCOBOll o6pa60TKe GKCIIepii­

MeHTaJibHbiX p;aHHbiX. 
'{ ;06bi II36a.BII~bC.H OT YKaGaHHbiX Hep;OCTaTKOB, 6biJI 'pa3pa6oTaH MeTop;, He 

, IIMeiOliJ;IIll orpaHII"leHIIll Ha o6JiaCTb II3MeHeHII.H BXOp;HblX rrepeMeHHbiX II o6ecrre"!II­

. BaiOliJ;IIll 6onee BbiCOKYIO CKOpOCTb Bbi"liiCJieHlt.H IIMIIYJibCa IIpii HeKOTOpOll IIOTepe B 
; ;~ ·. 

TO"lHOCTII. 
B Kat~ec~Be 6aGIICa ~JI.H rrocTpoeiimi IIc~oMoii: <l>YHKIJ;IIII, IIcrroJibGOBancit Ha6cip 

rrepeMeHHbiX x 1 +.x4 n nmry"leHHbill-B proynbTaTe np.HMoro IIHTerpiipoBaHWI qepe3 

·3ap;aHHoe MarHIITHOe none Ha60p Yl'JIOB OTKJIOHeHIIll 96(i,j, k, l, m). . . 
, H3 reoMeTpim cneKTpo'MeTpa ( cM. piic.l) MoJKHo cp;enaTb. rrpep;no~oJKeHIIe, "'TO 

yrJibi OTKJIOHeHllit CJia60 3a.BIIC.HT OT Bbi6opa TO"lKll HCIIYCKaHHJI "!aCTHIJ; ll3 MHIIleHH. 

• 'ITo6bi y6ep;IITbCJI B GTOM, 6bln npos~p;eH Mop;enbH:brii pac"leT yrnoB oTKJIOHeHmi p;nH 
"lacTnu; c paGHbiMH nMnyiD.caMn, BbiJieTai01D;IIMHH3 u;eHTpa 'MnweHn. B IITore OKaGa­

nocb, "'TO oum6Ka, BHOCIIMaH B yrnbi OTKJIOHeHHH B proyJibTaTe TaKOl'O p;onyliJ;eHHJI, 

He npeBbiCHJia 0,7%. Ilo:lTOMY rrepeMeHHble Xt II Xz 6biJIII HCKJIIO"leHbi II3 p;anbHell­

IIlel'O paccMoTpeunJI nyTeM cnep;yiOliJ;er_o ycpep;HeHmi: 

6 

-.; 

'• \1 
~~. 

( 

i:' 

,/ ~ " ! 

'! \ 

f.: I; 11 ! 

H 
I·; 

I 
: ~ 

-: ., 

' 

N, N, •'" 

• ?: ?: 96;Jklm 
d - "-•=_l;;_;):._=..cl:__ __ 
kim- Nr·Nz 

·, 

Bbi'mcimM Ha6op BeJIII"liiH Cklm = Pm·:·dklm·, rp;e p.;.· ~·HMnynbcbi, cooTBe~CTBY­
IOlD;IIe 3Ha<ieHHJIM nepeMeHHOH 95, s:br6paHHOll cornacHO pacrrpep;eneHl{IO "9:e6biiiieBa: 

· · (2a'~.:... i)1r . . . 
~5 = ~os , 2N

5 
., ~5 ':" 1, ... ,N5. 

YcpeAHIIM Terrepb yrnbi OTKJIOHeHHH no.nepeM~HHhl~ X:i II x 4': - . ' , . .~ \. ' . ·- { ~ -· ' ·_ 

.. 
·, N3.N• . 
· L: L: dklm 

k=ll=l 
'Pm = N · N 

'3. 4 . 

.,· 

unpep;CTa.BIIM.3a.BIICIIMOCTb MeJKp;y 'Pm UCOOTB~TC;ByiD1IJ;IIMHafiopoMH3 Cklm (scero 

N3 · N4 Ha6opoB) B snp;e: 

c • 2 ' 
c =;o ao ·,'P + a1·.'P + az ·. r.p

3
• 

. 3aniiWet,1 3aBIICIIMOCTb KO:l<f><f>IIu;HeHTOB ao, a1 ll ~z.OT IIe.peMeHHOll X4 B Bnp;e: 

ao = boo .. +bor: X4 :+ bo2 · x!; 

ar = b10 + bu' · X4 + b12 ; x~; 

a2 = !>2o + b21 · X4 :+- b22 · x!, 
a ;;~llCIIMOCTb KO:l<f><f>IIIJ;IIeHTOB boo 7 b22 OT nepeMeHHOll X3 B Bllp;e: 

' . ' ·' . . . 

bi.o = Dkoo + Dkor · X3 + Dko2 · x; + Dko3 · ~~; 

b~~-= Di.10 + Dkll · X3 + Dk12 :_::; + J:?_k!.J..~ ;r~; 
bk2 = Dkzo + Dk21 : 'i!l + Dkzz · x;-+ Dkz3 · i~, 

•. rp;e"k = 0,1, ... ; N4- 1. 
.. ' . '·. 

0KoH~~ierrhHbill BHA <l>YHKIJ;IIH. PULSE . ( cop;epJKaliJ;eii. 36. ~o:l<f><f>IIu;IIeHTOB) Ha 

¢0 PTP A He l:q)ep;cTa.BJieH Ha piic.3; · 3p;ecb BBep;eHbi cnej:lyiO~ne o6o3Ha"leHmi: ·XC = 
X3, YM = X4H FI = 'P· - --

, .. 
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c 
FUNCTION PULSE(XC,YM,FI) 

C-.-START PULSE 
-C 

B00=1.1644733970+0.0069877659 * XC-0.0001015617*XC**2 
+-0.0001767532*XC**3 . . . 

B01=0.0005315265+0.0044701431 *XC'+0.0003431958*XC'**2 
+-0.0000555529*XC**3 · . . . . . -. 

B02=-0:0000477204-0.0004059915*XC-0.00002G6333*XC**2 
++0.0000057275*XC**3 _ 

AO=BOO+BOI*YM+B02*YM**2' . 
B 1 0=0.0076079266-0 .0588306603*XC+O. 00075 70269*XC * *2 

++0.0014751275*XC**3, .· · . . . · 
Bl1=-0.0073653545-0.0390694361 *XC-0.0029513092*XC**2 

++0.0004911654*XC**3 . 
Bl2=0.0005578712+0.0035304812*XC+0.0002316934 *XC**2 

+-0.0000501832*XC**3 
A3=BlO+Bl1 *YM+Bl2*YM**2 • 
B20=-0.0071703576+0.1337630691 *XC-0.00042G0723*XC**2 

+-0:0033575219*XC**3 . . 
B21=0.0279782646+0.0881501187*XC'+O.OOG4284G-13*XC'**2 _ 

+-0.0011037377*XC**3 . . . 
B22=-0.0017841329-0.0079718433*XC-0.0005205792*XC**2 

++0.0001137618*XC**3 · . 
A2=B20+ B21 *YM + B22*YM**2 
CM=AO+ A3*FI + A2*FI**2· 
RETURN· 
END 

Pnc. 3. Bn}:l <PYHK~HH PULSE Ha <I>OPTPAHe 

_3 O:o;eHKa TO'IHOCTH BoccTaHOBJieHH.H li:M:nyJihCOB '· 

,I(rur O~eHKH TO'IHO~TH Bbi'IHCJieHHJ.! ~~IIJJibCOB CITJ'IallHbiM o6p&l~M pa3hlrpbiBamich 
:Ha6opbi nepeMeiiHbJ:x 91> 92, 93 , 94 , 95 • ,I(nH Ka:JKp;oro Ha6opa BXOJ:IHhiX }:laHHhlx npoB~-

. jJ;HJIOCb 'IHCJieHHOe HHTerpHpOBaHHe no MarHHTHOMJ IIOJIIO I:! OIIp!:'}:I!:'JlllJIClf yroJI OTKJIO­

HeHHJ.! 96· 3aTeM;'HCllOJih3Yll IIOJIJ'I!:'HHblll3apaHee Ha6op K03<!J<!Jn~HCHTOB C'ijk/m, c'o-
rrraCHO BblpaJKeHino (6) Bbi'IHC_;jl!JiaCb BeJIH'Il!Ha H<JpMHpoBaHHoro HMIIJJibCa Ys (Ysu)· 

O~eHKOll TO'IHOCTII onp'e}:leJieHim irM:nyJihCOB_ 6biJIO,B3J.!TU . cpegHeKBagpaTHqHoe 

OTKnoHeHne pacnpe}:leneHnH panHOCTH D.'p = p- p 8 ; rAe p n Ps - HMIIYJihchr, OTBe'Ja­
ro~He' HOpMHpoBaHHbiM BeJIH'IHHaM 9s I:! 9ss COOTBeTCTBeHHO. 

Ha OCHOBaHHH pac'JeTOB, BbiiiOJIHeHHhiX C panrrn:'IHhlMH CTerreHJ.!MH IIOJIHHOMOB 
·_'Ie6biWeBa, 6biJI ~bi6paH Oll.;HMaJihHblll ( C TO'IKH 3peHUll TO'IHOCTH U CKOpOCTII Bhl'III­
CJieHHll) BapiiaHT, }:IJili KOToporo N 1 = 4, N2 = 2, N3 := 5;N4 = 3, N 5 = 4. Ilony•mH­
Hhriirrpn aTOM Ha6op nn 480 Ko3¢<!Ju~neHTOB C';jklm o6ecrre•mBaeT TO'IHocTh Bhi'lll­
cneHuli HMrrynhcoB 0,08% (a= 3,8 ibB/c,, eM. pnc.4) B IlHTepBane 3;9-;-5,6raB/c. 

Ilpu o~eHKe TO'IHOCTU Bhi'IUCJieHui uM:rrynhCOB c rroMowhiO <PYHK~nu PULSE B. 
Im'leCTBe BXO}:IHbiX HCIIOJih30BaJIHCb IIepeMeHHbie x 3 , X 4 H <p, COUTBeTCTBYIOWlle HOp­
MIIpOBaHHbiM BeJiu'IHHaMg3 , 94 , 96 • To'IHocTh Bhl'IHCJieHuli Hr:rnynhcm3 Bo Bceii o6na­
cTn II3MeHeHUJ.! BXO}:IHbiX rrepeMeHHbiX 93 ,94 ,96 COCTaBima ~0,2% (a =9,2 M3B/c,. 
CM. pnc.5). 

TaKIIM o6panoM, rrpn BOCCTaHOBJieHim IIMIIYJihCOB napmKeHHhiX ~mcTu~ c rro­
MOWhiO <PYHK~nu PULSE rrpnMepHo B 2,5 pana yMeHhwaeTCJ.! To'IHocTh onpe}:leJieHilli 

, IIMIIYJihca, 0):\Harm rrpU 3TOM CKOpOCTh Bbl'IIICJieHHii yBeJIH'IIIBaeTCli rrpiiMepHO B 5 
pan. 

8 

. \ 

N 
120 

90 

60 

30 

-40 -20 

a= 3,8MaB/c 
I 

0 20 40 D.p. M3B/c 

Puc. 4. nrcTorp<iMMa, xapaKTt'jJH3YIUWilll TO'IHOCTh Bhi'IIlt":WHiill ll~IIIYHbl'OB' (" no-.' 

MOWbiO r(o3<lJ<lJH~Ilt'HTUB _P,<t;JJIGfhCHIIJ.! C',jklm 
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N 

150 

120 

...1 

90 u 9,2 MaB/c 

60 

30 

< -40 
.6p, M~B/c 

Pnc. 5. ThcTorpaMMa, xapaKTepii3YIO!l.laJI TO'IHOCTh Bhi'IncneHnJI nMnynhCOB c no­

MO!l.lh!O <f>YHK~nn PULSE(XC,YM,FI) 

3aKJII0'9:eHHe 

B oaKJIIO'IeHne cn~yeT OTMeTIITh, 'ITO ecni1 c'InTaTh op;nHaKoBo Ba:.t.:Hh!Mn BpeMJI 

Bh!'IIICi!eHIIJI H TO'IHOCTh onpep;eneHIIJI IIMnyi!hCOB oapSDKeHHh!X 'IaCTII~, TO BTOpOH 

_MeTop; OKa:Jh!Ba.eTCJI npiiMepHO B)l;BOe 3<f><f>eKTIIBHee MeTop;a paoi!OiKeHIIJI IICKOMO{i 

<f>YHK~IIII no OpTOrOHanhHh!M noniiHOMaM "'Je6hillieBa. 

10. 

c:__'' 
"·--:r 

-,_ 
-", ~ ' ~-
' ~ . 

II pHJIO:>KeHHe --

Ha6op yrnoB oTKnoHeHuu pa3'o6heM Ha rpynnh!'no N 5 oHa'IeHuu,cooTBeTcTBY­

IO!l.IIIX ~ )l;i!Jl Ka:ll..:p;oro-KOHKpeTHOrO Ha6opa KOopp;HHaT x 1;x2,X3,X4 - 3Ha'IeHIIJIM 
IIMnyi!hCOB _ B )l;IICKpeTHh!X TO'IKa.'C 

• -> • 

~l·5· = 

rp;e 

-·ls + B~ + g;: (Bs- .-l.,) 

2 

2Ns· 
. as= 1, .:.: .1\Ts. 

.I(nJI KaiK)l;OH rpyb~bl 'yrrro~ ~T-~~oHeHIIII oripep;~~;IM <f>ykr{~JIOHa.~~HYIO 3aBIICII-

. MOCTh: 

]J = J;(<p) •. 

,. 
4 . 

l = 1, .. ,,IT N; • 
., i=l ~-

\_ 

a:c:npoKCIH.mpyiO!l.IY!O ;:ma'leHI!Jl IIMnynhCOB, COOTBeTCTBYJ?ll.llle'Ns .3Ha'IeH~IJIM yrnoB 
OTKnoHeHm"I, nomiHoMaMn CTt'IIt'HII (i\'5 - 1). Tion;cTaBi!JIJI B ;lTJI nonnHo~Ihi nHa'IP­
HIIJI yrrroB OTimoHeHiui oTBe'laiO!l.llle pacnpep;erreHiiiD 'le6hrmeBa; B'hi•inc:mM ~mccnB 
H~pMHpoBaHHb!X I!MnyilhCOB pa:JMCIJHO~'Th!O, .paBHoii npoi!:JBt')l;PH~II?, n~= I ,v;. 

--. 
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